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* PREFACE 

The title of this book might ]>e more accurately given as 
“ Cellulose: Bleaching.” To deal in one treatise with the 
subject of cellulose is impossible if a coherent mass is 
aimed at, and any attempt to deal with all the industrial 
aspects of the subject must end in failure. The Subject is 
too big to admit of such treatment, but the time is 
probably now ripe to divide it up, thus enabling specialists 
iy different branches to deal with these parts in a 
theoretical and practical manner. 

The idea of this volume is not to give an account of 
the subject of bleaching, but to act more as a supplement 
to other published works, of which there arc many, dealing 
with this branch of chemical industry. It is not meant 
lor those who have no other books on bleaching. The 
principal intention of the author has been to discuss the 
in^portant researches which have been published during 
the period 1908-20 bearing on the bleaching industry, 
and to present a record of work as a basis for the 
extension of research m the industry. 

S. If. JJ. 



. July 1921 . 
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CHAPTER I 


INTRODUCTION 

# 

The bleaching industry was founded on empiricism because 
then, as now, chemists had not accurately determined the 
nature of the substances composing the materials under- 
going the bleaching. Raw vegetable fibres contain prin- 
cipally cellulose, waxes, proteins, pectie matters, colouring 
matters, and mineral matters, and all these constituents 
are of complex and undetermined constitution. The 
bleacher aims at separating the cellulose from the non- 
cellulose constituents of the fibre ; he does this in the best 
and cheapest way he can, and with the least possible injury 
to the cellulose of the fibre. The methods he uses are the 
molts of accumulated experience, and practical experience 
has taught him more than could possibly have been learned 
in the laboratory. 

Chemistry has not yet fundamentally altered the pro- 
cesses used, and it is indeed remarkable that an industry 
founded on empiricism has changed so little in its character. 
A knowledge of chemistry cannot replace experience in the 
bleaching industry ; there are many observations in practice 
which the chemist cannot adequately explain, and he must 
proceed cautiously while paying due regard to the teaching 
of experience. Chemists themselves are not very sure of 
their ground in discussing chemical matters affecting the 
industry ; for instance, they still refer to oxycellulose and 
hydrocellulose, in spite of the fact that they have JTFtfcst to 
distinguish definitely these so-called chemical compounds. 
Lack of definite knowledge on such points imposes caption 
on chemists dealing with cellulose industrially. 

It Is only reasonable to expect that the investigation 
of the constituents of textile fibres will have a large effect 



2 BLEACHING 

* on tlfe textile industries in general, and on* the bleaching 
'industry in particular. It'may, in fact, be presumed that 
the. bleaching industry will be much affected by' these 
investigations. It is for this*reas6n that in this voltfme 
the industry ha% been reviewed 'u\ the light of these 
investigations, for it is perhaps in this direction that 
there # is hope for the influence of chemistry introducing 
systematic order into the industry. • 

Work in textile chemistry is difficult because one is 
working with bodies of unknown constitution, which are 
unstable under certain circumstances and difficult to weigh 
accurately. For instance, on heating the cotton fibre, it 
only gradually assumes a constant weight, and it is more 
or loss changed by the heating. Thus, at 100 C. fhe waxes 
are melted lor the first time since their production in the 
cell, and the proteins are affected. If one tries to work 
with air-drv fibres, u\ without drying them in a stove, 
the results are generally useless, because the weights are 
largely aflected by the humidity of the atmosphere, in 
which the weighings take place. It is only after very 
careful and accurately planned work that reliable results* 
can be obtained. Moreover, experiments should be repeated 
at least once before conclusions are formed. 

Textile materials as they come to the bleacher generally 
contain other matters than exist in the raw fibre itself. 
For example, cotton cloth generally contains a large 
amount of foreign matter, which has been added.during 
the manufacture. In the sizing of warp ' yarns, flour, 
tallow, and other ingredients are used, and, on tearing a 
piece of cotton cloth, a fine dust is often given off owing 
to the presence of these added matters. The raw fibre is 
seldom bleached, and, further, during the preparation and 
spinning much of its impurities are removed. Fine yarns 
contain little or no admixture, and provide the best material 
for. experiment. Conclusions formed from experiments 
with jr tttns can be applied to the bleaching of cloth, “but 
some experiments with this material must also be ’per- 
formed to imitate the conditions in industry as much as 
possible. 

M mentioned later, the author thinks the classification 
of the celluloses ought to be reviewed. He is not prepared 
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to attempt fhis classification 'himself, as he leaves it td 
•those. of more experience in this field. He himself is only 
concerned with one brancln'of the cellulose industry., 

A few words might here be said about #the words of 
the bleacher’s vocabulary. , He calls a *bleaching solution 
made of a hypochlorite a “ehemie” whether the hypo- 
chlorite be that of calcium (bleaching powder) or of sbdium. 
In most cases, hfnvever, the term “ ehemie ” refers to a 
solution of bleachiiig powder. A “ sour ” means a dip in 
weak acid. This acid might bp hydrochloric or sulphuric 
acid, or a solution of nitre-cake. A “ lye " or “ ley " boil 
is a boil in a solution of alkali, either caustic or car- 
bonate, •or a mixture of the ♦wo ; m some cases soap 
is added. A “scald” is a term applied to an alkali boil 
used for the goods after they have been treated with 
hypochlorites, whereas a boil is only called a “ lyc ” boil 
if the goods have not been “ chemiced.” “Scouring" is a 
term usually applied to the whole treatment the cloth 
receives before being “chemiced." A protest might be 
made against the use of such terms in scientific writing, 
and perhaps too free use is made of works expressions by 
chemists, but in the case of the bleaching industry the use 
of these terms means a great eeouomy of words; for this 
reason they are here retained. 



CHAPTER II 


CONSTITUENTS OF VEGETABLE FIBRES 


W.ues — Proteins — Mim*ul matters — Pectic matters — Colouring matters — 
(Cellulose. • 

This subject, which has of late received attention from 
technological chemists, is of great importance to bleachers, 
and it is safe to say that the cotton industry will be 
much alluded by researches in this held. Bleaching is 
that branch of the industry which stands to gain the 
greatest benefit. 

The actual composition of the growing plant is a 
tremendous subject, and the industrial chemist must look 
to researches in botany and biochemistry for guidance. 

We are told that plants are made up of innumerable 
eells which are extraordinarily complicated in structure 
and consist of (1) the cell wall ; (2) protoplasm closely 
applied to the inner surface of the cell wall; and*(3) the 
cell sap. Protoplasm is the living substance of the plant, 
and in if there is a green envelope known as the chloro- 
plast, a spherical body known as the nucleus, and the 
cytoplasm, a colourless mass in which the chloroplast and 
the nucleus are embedded. Cells may contain more than 
oue chloroplast. The metabolic processes are primarily 
associated with the protoplasm, the operations of which 
are fy&fcaimely complicated and little understood. 

The cell wall contains carbohydrates of the cellulose 
group, mineral matters, and water, the mineral matters 
being distributed in minute particles throughout the 
carbohydrate. The cell sap contains water with dissolved 
organic and inorganic matter. Thl^nucleus contains 
proteins and phosphorus. ^ 



CONSTITUENTS OF VEGETABLE FIBRES, 5 

Chlorophyll is a green colouring matter which is/ 
generally found # associated with definite protoplasmic 
bodies to form chlor^plasjs. It is a secretion front the 
protoplasm. Light is required to produce the ‘ green 
colour, also oxygen *and iron, altliougli* the latter element 
is not a constituent of chlorophyll. Chlorophyll is an 
extremely complicated substance which acts on the 
carbon dioxide df the air-producing carbohydrates and 
liberates oxygen. ' Its activity depends on the presence 
of certain mineral salts, potassium being said to bo 
essential. Plants grown in darkness do not develop 
chlorophyll but etiolin, which is replaced by chlorophyll 
when the plant is brought into sunlight. 

The solvent of the green pigment is probably some 
kind of oil ; but as, during extraction by ether arid other 
solvents, it undergoes decomposition, the determination 
of its chemical constitution is a difficult matter. Will- 
statter, however, has shown that chlorophyll has two 
components in about the same relative proportions, 
and only apparently differing in that one has one more 
oxygen atom replacing an equivalent of hydrogen in the 
other. Both are esters of a monohydric alcohol of high 
molecular weight, phytol, and yield on hydrolysis 30 per 
cent of phytol, together with a tricarboxylic acid which 
contains four pyrrol rings. 

Magnesium is supposed to lie the active principle of 
chlorophyll.- By the action of acids and alkalis the pro- 
ducts of chlorophyll are divided into two groups con- 
taining magnesium and not containing that metal. 
With alkalis hydrolysis to two isomeric tribasic alcohols 
takes place, and carbon dioxide is evolved. With soda 
lime a # third molecule of carbon dioxide is evolved. Acids 
remove the magnesium, replacing it by* two atoms of 
hydrogen, and this fact is of importance in bleaching. 
The yellow pigments of plants are carotin, an un^^turated 
hydrocarbon, and xanthophyll, an oxidation product of it. 
Both absorb oxygen when isolated. - 

Plants have been found to contain the elements 
hydiogen, oxygen, chlorine, sulphur, nitrogen, phosphorus, 
silicon, carbon,yffotas8ium, sodium, calcium, magnesium, 
and iron. Th«fcom pounds in plants are very numerous, 
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*the majority being by-products of metabolism, and most 
of these have not yet received exhaustive treatment.- • 

The constituents of plants Ijave ,been divided into the 
following groups : • ■ . 

( 1 ) Organic acMs ; as oxalic, citric, etc. 

(2 j Glycerides of higher fatty acids— fats. 

(3) . Carbohydrates ; mono- and di-saccharides, as dex- 

trose and cane-sugar, and pjfy-saccharides, as 
starch and cellulose. 

(4) Amido compounds— amido acids and acid amides. 

(5) Ethereal oils. 

(6) Resins. 

(7) Alkaloids. 

{&) Glu cos ides. 

(9) Pigments. 

(10) Proteins. 

Water is contained in all parts of plants, and in 
estimating the constituents of plant products they must 
first be dried. This may be done in air, that is, at abofit 
30" C. or at 100 ' C. At the latter temperature proteins 
are completely changed by drying, but fats, glucosides, 
tannins, and carbohydrates are not seriously altered. 
Proteins should not be dried above 30° C. Fibres dried 
at 100° C. are also found to be changed, e.g. in their 
dyeing properties, as mentioned on page 82. 

The solvents usually used for treating plant products 
arc the following : • * 

(1) Ether or benzene, which extract oils and fats, 
ethereal salts of organic acids, resins, terpenes, colouring 
matters, chlorophyll, waxes, lecithin, cholesterin, hydro- 
carbons, esserlial oils, lipoids (an indefinite group of 
substances), etc. 

(2) Alcohol} sp. gr. 0'85, which extracts tannins, 
glucosides, part of the sugars, etc. 

(6]^ Cold water, which extracts dextrins, soluble 
carbohydrates not extracted by 0'85 alcohol, some pro- 
teins, lytrates, nitrites, etc. 

(4) Sulphuric acid (1 per cent), which acts upon 
starch, proteins, etc. • 

The extracts decompose on keeping. \e tannins and 
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most glucosides reduce Fehling’s solution. Tannins # occur # ^ 
in solution in thfc cell sap, but they must be separated 
fropa albuminoids or a precipitate would be produced. 
Lecithins are yellow wax-Jike solids with a peculiar 
odour. As regarde . glucosides it is- found that the 
maximum of hydrocyanic ‘acid obtains in the flax plant 
when the seedlings are 4 gr 5 inches high. R^ffinose 
occurs in cotton ‘seeds. The amount of the resins and 
terpenes is* usually small except in barks. Resins and 
allied bodies are' formed by a peculiar process of degrada- 
tion of the cell wall. They ate products of metabolism 
as are also alkaloids, seeds, and aromatic substances. 
Alkaloids can sometimes be extracted by volatile solvents, 
but usually it is necessary to treat with lime to liberate 
the base and then extract. Betaine and choline occur 
together in Gossypinm hvrbuceum , which is the principal 
source of the cotton fibre. There is much more nitrogen 
in these bases than in proteins. 

• Of the textile fibres which have been analysed the 
following examples have been selected from figures given 
by J. M. Matthews 1 : 

1 The Textile Fibre i (Clm)nnan k Hall, London). 


[Table 
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Bulletin No. 33, U.S. Dept. Agric., gives the following 
analysis of the cotton fibre : 



• 

Approximata Coustitunutf. 


IVr cefit. 

I 

l’or nut. 

Water. 

• 6*07 

Water . 

6 74 

Anil 

1 - 37 ' 

Ash 

1-65 

Nitrogen 

034 

Protein . 

TftO 

Phosphoric ac;jl » 

0*10 

Cellulose 

8371 

Potash . ^ 

016 

Nitrogen pel 


Soda *. 

001) 

ext i ait . 

r»- 7 i) % 

fume 

01 !) 

Fat 

0 6 1 % 

Magne-ia 

0 08 



Kerne oxide 

0 02 



Sulphuric acid 

0 6 



(Moline 

o 07 



Insoluble matter 

o 0.7 




E. Enoch t (.Wn. Trxt. Inst., 1911, 2, 22-29) found 
the following extracts lrom cotton : 



; low (uiicj 

1 


C.itlnil \ Hill 1 


1. \ | ! . m l!< nc'il. 

0 MW 

\m. i it in 

! 

Kp\ i*t inn.. 

Uell/ol e\tiu< t 

! 0 17 0 3-8 

0 .7.7 

0 lo7 

0 141 

\h'ohol e\t i lU t 

! 0 68 

o 90 

0 .733 

0 714 

Aqueous ( \ tia<-1 

j 1 w 

1 (.1 

1 6.76 

1 .70!) 1 

Ammonia exton L . 

1 0 1.7 ■ 

0 30 

0 12.7 

0 5 

, Kornne acid ext i act 

! 0 16 ' 

0 72 

0 6.7 

0-40.7 

i Hydrochloric’ acid extra* L 

. 

! 

0 6.76 

0T,4 , 

Total 

| 3.72 0 38 

1 17 

"7.327 | 

i 

1 142 


S. H. Higgins (Journ. Sor. Chan. Ind 1914, 33,902) 
in extracting linen yarn found the following : 


Benzol extract 

1 68 

Alcohol extract 

0 49 

Aqueous extract 

0 o') 

Ammonia extract . 

3-27 

Caustic soda (under pressure) . 
Hydrochloric acid . 

. 14 06 

0-3$ 


2T86 

/ 

«• 


* E. Knechtaud W. Hall, Joum. Soc, IJycrs and Co!., 1918, 220. 
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• Knecht found the alcoholic extract, which was obtained 
in the order mentioned, that is, after the benzol extraotion, 
was amorphous, very hygroscopic, and of a rich brown 
colour/ The aqueous extract was similar to the alcoholic 
extract, brown and # hygroscopic % The/formic acid extract 
was mainly mineral. The alcoholic extract from Texas 
cotton contained 1 *07 per cent of nitrogen, and reduced 
Fehling’s solution strongly. Higgins fouijfd that the alcohol 
extract of linen was golden brown and hygroscopic. The 
water extract on evaporation yielded brown brittle scales. 
If the brown linen had been treated with all the reagents 
mentioned, and not successively as described, quite different 
results would have been oUaiued. For instance, alcohol 
removes most of the waxy matters taken out by the benzene, 
and sodium hydroxide removes a large proportion of all 
the non-cellulose constituents of linen. Linen cloth, boiled 
under pressure with water, gave up from 3’3 to 4*5 per 
cent of its weight to the water, and it was also found that 
the same cloth treated with hydrochloric acid in the original 
state gave up 110 per cent of matter. During the extrac- 
tion with ether it was found that the wax was only taken 
out very slowly, and after prolonged extraction there was 
always some left which benzene removed (Higgins, loc. cit). 
Barnes ( Journ . Soc. Chem. Lid., 1916, 35, 1191) confirmed 
this observation during the extraction of Indian cottons. 
He found ether extracted from 0'188 to 0*618 per cent of 
matter from Indian cottons. • * 

E. E. Stanford and A. Viehoever [Journ. Agric. Res., 
1918, 13, 419-435) found that the internal glands occurring 
iu the seeds and other parts of the cotton plant contain 
quercetin, probably as glucosides, ethereal oil, resins, and 
possibly tannins. They are surrounded by flattened cells 
which contain a* red anthocy an 'pigment. The glands not 
normally exposed to light contain gossypol, and are sur- 
round^jjJjy a layer of flattened cells which do not contain 
anthocyans. On exposure to light the gossypol is replaced 
by a glycoside of quercetin. 


Waxes 

TheTnode of formation of oils, fats, an\waxes in plants 
is not thoroughly understood : in the case of glycerides, it 
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• i 

is not known whether the fat is produced from the fatty 
•acid and glycerin in the protoplasm. Fatty oils occur in 
all. cells, and it is doubtful whether there is such a thing 
as protoplasm free from fot.- Fats and oils t*re frequently, 
stored as reserve foodstuffs in plants, and waxes pass beyond 
the walls, forming a layer on the outer surface; ethereal 
oils are found deposited in. cavities in leaves, stems, and 
other parts. Th^formation of fat is due to the decomposi- 
tion of the protoplasm, oil drops being formed. Fat is 
changed into carbohydrates during the germination of seeds, 
and in ripe seeds starch is changed into fat. The chemistry 
of such changes is not understood, but the alteration of 
fat into carbohydrate is manifestly impossible without 
oxygen. 

E. Kuecht (Journ. Text, hist., 1911, 2, 22-29) tound on 
extracting raw Egyptian cotton sliver with benzene that 
0*47 per cent of crude wax, having the appearance and 
consistency of bees-wax, was obtained. On treatment with 
petroleum spirit the crude wax was resolved into two 
constituents: cotton wax A to the amount of about 70 
per cent soluble in the spirit, and cotton wax B insoluble 
hi petroleum. Cotton wax A has a pale colour, melts at 
6t>°-67° C. and consists for the most part of a true wax, 
containing besides some free fatty acids, small proportions 
of glycerides, and some hydrocarbons. Cotton wax B is a 
dark green, granulated but plastic substance, melting at 
68° (?, and containing very little free fatty acid. W. L. 
Balls 1 states that the cuticle of the seed coat is slightly 
waxy, 'probably from the same wax which has long been 
known to occur in the lint. Until this wax has been 
broken by the mutual swelling of the seed the absorption 
of water is difficult. E. Knecht and J. Allan {Journ. Soc. 
Dyers and Colourists , 1911, 27, 142-176) found on re- 
peatedly treating the first fraction mentioned above with 
ooiling 96 per cent alcohol that 18*82 per cent of an 
insoluble wax of glassy appearance was left ; it melted at 
78° C., and had an iodine value of 11*28. Thejportion 
soluble in alcohol was more plastic ; it melted at 62° C., 
iodine value 33*42. With alcoholic potash the wax was 
only slightly saponified, but using glycerin-caustic*Boda it 

1 The Development and Properties of Raw Cotton (A. & C. Black, Ltd., London, 1016). 

i 



12 BLEACHING 

mm found to contain 47*5 per cent of unsaponifiable 
natter, melting at 67 -68° C. This product was acetylated 
uid from it were obtained two hydrocarbons in crystalline 
form, One meting at 68'P C., and giving on analysis figures 
agreeing closely vv r ith those for hentriacontane (C 31 H 64 ), 
and the other melting at 70 C. and agreeing on analysis 
with tho formula for dotriacontane or dicetyl (C 82 H M ). 
From the acetylated alcohol a crop of c^stals were separ- 
ated on cooling its ethyl alcohol solution. They melted at 
127*3 C., and the substance was evidently a phytosterol. 
An acid of melting point 74’4° 0. (which was almost cer- 
tainly cerotie acid) was separated, and also stearic and 
palmitic adds. The second, fraction of wax molted at 
68° C., acid value 4 ’03, and saponification value 83*3. 
The reddish-brown unsaponifiable portion melted at 63*4° C. 
Phytosterol was again isolated, and a crystalline acid, 
probably melissic, acid (C 3ft fl (i0 O.,). 

Piest (Z. umjch). Cltem ., 25, 396*399) stated 

that tho “ copper number” of cotton was increased by the 
presence of the cotton wax. This observation points to 
the presence of a reducing agent in the wax, probably 
corresponding to the aldehyde of linen wax mentioned 
by lloilmeister (p. 13). Ivnecht has also pointed to the 
reducing properties of the non-cellulose constituents of 
cotton. 

On extracting cotton with benzene, then treating with 
acid, washing, drying, and again extracting with be!) zone, 
the cotton yields more fat to the benzene (Higgins, loc. 
at,). The fatty acid exists on the fibre as a magnesium 
soap ; the acid dissolves out the magnesium and leaves 
the bitty acid for extract ion by the benzene. The amount 
oi this fat is about 0'05 per cent, that is, about 10 per 
cent of the amount of the wax originally extracted by 
tho benzene. 

The figures given by Knecht (p. 9) show a total of 
abouF4 per cent of matter accounted for in the extracts, 
and as, bleaching, that is, producing the pure cellulose, 
only brings about a drop of about 5 per cent in weight it 
is seen that this drop is largely accounted for in the steps 
given.** \ 

Hofiineister states that flax wax melts at 61*5° C., and 
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has a sp. gr. # of 0*9083 at 60° F. It consists of 81‘82 per 
•cent vnsaponifiaMe matter and 18*68 saponifiable, of which 
54*49 per cent is free fatty acid. Tho unsaponifiable 
portion has a melting poinc of 68° C., and coy tains ceresin, 
ceryl alcohol, and phytosteriu. Caprofc, stearic, palmitic, 
oleic, linolic, linolenic, and'isolinolenic acids were found in 
the saponifiable portion. Bianchi and Malatesta ( Annali 
Chem. Appl y 19\4,1, 297-302) found flax wax to liave a 
sp. gr. 0 9980 at 15° C., m. pt. 68 -70° C., acid value 23- 
23*8, iodine value 17-17*5. The saponification value by 
the ordinary method was 111*9, but rose to 156-163 on 
prolonging the treatment up to 6 hours. The unsaponifi- 
able matter (20-23 per cent) w^is a brittle brown substance 
of m. pt. 73 -74 (J., sp. gr. 0*986, free from phytosterol, and 
consisting mainly of hydrocarbons. Hemp yielded 0’5-l*2 
per cent of fatty matter of somewhat similar character to 
that obtained from flax, m. pt. 66 -67 (J., sp. gr. 1*019, 
acid value 46-17, iodine value 22*2-22*8, and saponifica- 
tion value 187-192. It contained 11 per cent of un- 
saponifiable matter of m. pt. 60' C., sp. gr. 1*0022. 

Ilolfmeister also noticed in ilax wax a small quantity 
of a volatile aldehyde-like substance, and Higgins ( loc . cit.) 
plainly observed this substance by the coughing it pro- 
duced on breathing the atmosphere in the neighbourhood 
of the heated ether extract of linen. The figures for linen 
given on p. 9 were for water-retted yarn. Dew-retted 
yarn «gave up 0*92 per cent of wax to ether, and a further 
0*27 per cent to benzene. It seemed possible that on con- 
tinuing the extraction with ether long enough the matter 
which the benzene removed would also be dissolved out 
by the ether, but although this point was tested many 
times it was always found that, after the action of the 
ether, benzene extraction eliminated further wax from 
the yarn. 

• As in the case of cotton, Higgins also found thpt on 
extracting linen with benzene, then treating wit!* acid, 
washing, drying, and again extracting, more fatty matter 
was taken up by the benzene, and magnesium w^is found 
in the acid. 

The melting point of the wax lies between thcjjoiling 
points of ether and of benzene, hence the hot benzene used 
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in the 'extraction melted the wax and dissolves it out very 
readily. The wax separated from the 1 hot benzene on* 
cooling. The wax extracted by ether was light yellow 
or light greqn ; on melting, it became the same colour as 
the wax extracted* by benzene. On solidifying, the wax 
fractured in a peculiar manner*. Sometimes the wax was 
of a dark green colour, and the cloth turned from a 
greenish - brown to brown during the/ extraction. On 
removing the wax the doth lost its peculiar smell. On 
using different solvents for the extraction, such as ether, 
gasolene, petroleum ether, And benzene, it was found that 
the lower the boiling point of the solvent the lighter the 
colour of the wax extracted. The darkening ob brown 
linen and cotton cloths on heating is due to the melting 
of the wax, which changes in colour from yellow to brown. 

Water-retted ilax was found to contain from 1*57 to 
1*95 per cent of wax; dew-retted flax about 1*19 per 
cent. This difference in the proportions of wax in the 
two fibres is interesting, since these waxy matters are 
supposed to be products of the decomposition of cellulosic 
bodies during the retting and other processes. 

Jute yarn was found to give up 0*9 per cent of a 
greenish-brown, strongly smelling oil to benzene ; the 
extracted fibre again had no smell. 


Effect of the Extraction of the Wax on the Properties 
of the Fibres 

Knecht conducted spinning trials with Egyptian 
cotton which had been deprived of its wax, and found 
that the dewaxed material behaved very badly in the 
drawing and spinning operations, giving an excessive 
amount of waste, irregular results, and showing a tendency 
to adhere to the rollers. Finer counts gave great trouble, 
and Vreakages were extremely frequent. In the loom 
used as warp the dewaxed thread was also troublesome 
on account of breaks, and the yam spun from the de- 
waxed cotton was 24*5-27 per cent weaker than .the 
ordinary yarn. On the other hand, the extraction of the 
wax from the ordinary yarn after spinning increased the 
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strength by* 13 per cent, 1 while the addition of *2 per 
cent of paraffin wax to this extracted yarn decreased its' 
strength again by 33 per cent. Substantive dye-stuffs 
gave lighter shades on the extracted cotton lhan on the 
ordinary cotton*; ipethylehe blue, however, # gave darker 
shades on the extracted samples. 

In the case of linen yarn Higgins found the following 
changes in strength ; * 

Breaking strength. 

Original yarn 730 gnus. 

After ether extraction . 4 . 700 

„ benzene „ . . . .750 


alcohol 


720 


The ether evidently removed matter which caused the 
slipping of the fibres over one another, and benzene 
apparently extracted certain waxy matters, which had a 
consolidating effect on the fibres. Other tests with dew- 
retted yarns gave similar results, the greatest increase in 
strength being always produced by the solvent with the 
lowest boiling point, viz. “tlier. 


Proteins 

I roteins are most complex substances, concerning the 
molecular structure of which we know little. The 
proteins of seeds have been studied, but those occurring 
in the active cells and fluids of plants have not yet 
received much attention from chemists, principally because 
they occur in small quantities and are difficult to separate, 
borne proteins yield a small quantity of ash on ignition, 
but it is not certain that these ash constituents form part 
of tha protein molecule : they are probably impurities 
very difficult to remove. 

Proteins are closely incorporated with the protoplasm 
of plants, and the original construction of protein matter, 
like that of carbohydrates, seems to be carried out only by 
the vegetable protoplasm. It is produced in an unknown 

1 E. Knecht and W. Hall ( Journ . Hoc. Dyers and Col , 1918, 220) found that 
orUii f 1 ! yarD lncrease<i I2 ' 4 P« r cent in atrength on extracting with benzene, 
o^ t4 ^ rc ^ ntm elasticity, the figure* for Egyptian yarn being 1? per cent 
9-9 per cent respectively. » r 
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manner from the nitrogen absorbed by th$ plant. In 
some cases protein is found in definite grains in the parts 
of plants. Plants accumulate a reserve of food, proteins ' 
and carbohydrates being constructed in excess of im- 
mediate requirements, and deposited ip an insoluble form 
to relieve the cell sap. The sugar and proteins in soluble 
form are conducted through the parenchyma to the fibro- 
vascular bundles, the bast of which . fojpns the principal 
path. It is during this passage that some of the carbo- 
hydrates and proteins are changed to the storage forms, 
for grains of starch are of frequent occurrence in different 
parts of the bast, and proteins can be observed in the 
sieve-tubes of the bast. The principal function of the 
bast is to form the pathway of translocation of tlie food 
material These reserve deposits may be rapidly re- 
absorbed by the plant. Proteins may be accumulated as 
in seeds, or dispersed in an amorphous form in the sub- 
stance of the protoplasm. In many cases amino-acids, as 
asparagin, may be detected in the sap of various cells, pi 
cereal grasses the protein is deposited in layers, in some 
cases associated with oil. 

Sulphur is a constituent of all proteins, and proteins 
are found in all protoplasm. Sulphur also occurs in 
plants as organic sulphides. 

Phosphorus does not seem to be present in the 
ordinary cytoplasm, but it is undoubtedly associated with 
the nucleus. It is contained in the substance called 
nucleiu to the extent of about 6 per cent. Phosphorus 
has uot yet been proved to be a constituent of any.of the 
seed proteins thus far studied, and small amounts of 
phosphorus apparently contained iu some preparations 
of these substances have been found to disappear on 
purification by repeated precipitation. Phosphorus is 
probably present in the enzymes which are concerned in 
the digestive processes of the plant, and is also said to 
oecu* in chlorophyll. Lecithin, a complex fatty body 
containing phosphorus, is present in actively growing 
cells in # mauy plants, and in a few plants phosphorus is 
said to be temporarily stored iu the seeds. Phosphorus is 
al>sorbpd by the plant as phosphate, usually as calcium 
phosphate. 
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Proteins are converted by enzymes into amino acids of • 
definite compositions, and these substances are also found 
to occur in plants, e.g. as para gin. 

Some proteins are soJuldc in water, some are in- 
soluble ; some are soluble in aqueous solutions of neutral 
salts. Nearly all are insoluble in alcohol or ether, but 
some are soluble in a mixture of alcohol and water (90 
per cent alcohol). 1 They all dissolve in strong mineral 
acids and caustic alkalis but are somewhat changed in the 
process.. 

Osborne 1 says that with dilute alkalis the protein is 
probably little changed by the extraction, and if the alkali 
is not strong this can be usgd as a method of separat- 
ing proteins. Mo.*>t seed proteins are \ery incompletely 
coagulated by heating their solutions esen to boiling, and 
many of them are not coagulated at all under these con- 
ditions : alkaline solutions cannot be coagulated by heat. 
Proteins dissolved by alcohol are unchanged. 

•Edestin extracted from hemp seed by salt solution 
gives a slightly acid reaction to litmus, but to lacnioid it 
reacts alkaline. Vegetable globulins show a distinct acid 
reaction to phenol phthalein, therefore proteins show 
bo ( basic and acid properties. Proteins are precipitated 
by adding neutral salts to their solutions if of sufficient 
concentration. Saturated ammonium sulphate will pre- 
cipitate all proteins except peptones. Proteins may be 
purified by dialysis. Coagulation may be, brought about 
by heat, alcohol, or ferments. Amino acids are fermented 
by yeast with the production of alcohols. 

The antiseptic action of mercuric chloride is probably 
connected with the formation of insoluble salts with 
proteins. 

Mineral Matters 

.As previously stated plants contain a large number, of 
elements in their composition. Of these, potassium, Kme, 
magnesium, sulphur, phosphorus, and iron are found to 
be essential. Sulphur is an essential constituent *of all 
proteins, as also is nitrogen ; phosphorus is contained in 
some proteins. Potassium can sometimes be replaced^ a 

1 The Vegetable Jh-olcins (Longman)?, Green 4; Co.). 
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large extent by sodium. Magnesium appears to be 
always a constituent of chlorophyll, and it cannot be 
replaced by any related alkaline earth. Lime does not 
take part ii the living cell, JjQt occurs in older organs and 
especially in leaves. Iron is necessary for the formation of 
protoplasm and cannot be replaced* by other metals. 
Nitrogen, sulphur, phosphorus, carbon, hydrogen, oxygen, 
potassium, magnesium, and iron ocCur in the living cell. 
Chlorine is rarely, if ever, essential for plants.. Aluminium 
is widely distributed in nature, but it is absent .entirely, 
or almost entirely, from flic majority of plants, although 
it does occur abundantly in a few species. 

An enormous stream of water passes through plants, 
this water being in large part evaporated from the leaves ; 
it contains salts which are retained by the plant. This 
rapid current of water is essential to the well-being of the 
plant, hence a large amount of salts is absorbed. These 
salts are absorbed by the cells selectively, and it is found 
that the proportions of mineral matter in plants are quite 
different from those of the outside world. 

The mineral matters are not impurities but essential 
constituents of plants ; they are derived from the soil in 
which the plant grows, and the composition of the soil 
determines to a large extent the ash of the plant. Thus, 
plants grown in a siliceous soil containing little lime were 
found to contain less lime in their ash than the same 
plants grown in a soil containing a large amount of 
calcium compounds. Further, a scarcity of potassium, 
magnesium, and iron was found in plants grown* in soils 
containing much lime. In addition to the essential con- 
stituents of the ash, the plants also absorb non-essentials 
from the soils in greater or less quantity. For instance, 
sodium is found in the ash of all plants, but its duty has 
not yet been proved. 

. By drying and carefully burning we obtain the ash of 
pl/fhts and by analysis we ascertain its constituents, but 
we do not learn thereby the condition or combination in 
which the constituents existed in the plant. Calcium 
sulphate may exist in the ash produced by the uijion of 
theUime and the sulphur of the protein of the plant, but 
calcium sulphate did not exist in the plant itself. The 
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lime was probably present as oxalate or carbonate de- . 
posited in the substance of the cell walls or as c^rlmnate 
on the surface of some leaves. 

Ash always contains potassium, magnesium, calcium, and 
irou as nitrates, sulphates, chlorides, carbonates, or phos- 
phates. The amounts of mineral matter vary for different 
parts of the plant, being very Jow in the woody tissues and 
very high in the leilveS. In all cases the mineral matter is 
incorporated with organic matter. For instance, it is found 
deposited in the cell walls of plants. Silicon is absorbed 
as silicate by plants, and is found deposited in the epider- 
mal coll walls. The grasses contain it in great abundance, 
but it rarely occurs in young organs. Organic compounds 
containing silicon have not been found m plants. 
Magnesium, beside i existing in chlorophyll, is also found 
in the' pectin of the cell membranes of plants, which has 
been found by F. Ehrlich ( Chnn.-Zat ., 1017, 41, 197), to 
be a calcium-magnesium salt of anhydro-arabino-gulac- 
tose-methoxy-tetragalucturonic acid. 

Besides tin; elements mentioned above, zinc, copper, 
manganese, bromine, and iodine are sometimes found in 
pi nts, generally m traces. These elements are drawn 
into the plant in solution from the soil, this solution 
being sometimes assisted by the carbon dioxide in the 
soil and sometimes by the sap exuded from the root hairs. 

0. I). Roberts ( Analyst , 1918, 43, 254-259) found 
that part of the inorganic chlorine of the plant is some- 
times lost during ignition, whilst the amount of sulphate 
is in excess of that originally present in the plant as 
sulphate. The inorganic constituents of the plant can 
only be obtained accurately by extracting the plant 
itself with water or dilute acids. 

The mineral matter of cotton was given by Dr. Ure : 


Potassium carbonate 

44 ’80 per cent. 

„ chloride 

9-9 

„ sulphate 

9 3 

Calcium phosphate 

9 0 

„ carbonate 

10 6 

Magnesium phosphate . 

. * H-4 

Ferric oxide 

:J 0 

Alumina and loss 

5-0 
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Davis, Dreyfus, and Holland gave fc]je following mean 
analysis : . . 


Potassium carbonate 
„ chforide 

„ sulphate 

.Sodium carbonate 
Magnesium phosphate 
„ carbonate 
Calcium carbonate 
Ferric oxide 


' 3 3 ’2 2 per cent, 

. * 10-21 „ 
13*02 „ 

i 3*35 „ 

. * 1 8-73 „ 

7*81 . „ 

20*20 
3*40 „ 


According to Calvert (tlouni. Prakt. Chem lS09, 122), 
the fojlowing amounts of phosphoric acid soluble in water 
arc contained in the dillerent cottons : 


Egyptian 
New Orleans 
Fungal 
Sm at . 
Caithagcna 
Cyprus 


0 035 per cent, 
0-049 
0*055 
0 027 
0 035-0-050 

0 050 „ 


Barnes {Journ. Soc. C/mn . Ind, 1916,35, 1191), in dis- 
cussing Indian cottons, tound the ash varied from 1*18 to 
3*71 per cent, and this was without any adulteration. 
The amount ot the ash soluble in hydrochloric acid varied 
from 72*00 to 95*56 per cent, the remainder beifig taken 
as silica and silicates insoluble m boiling hydrochloric acid. 
The chlorine in the ash varied from 2*23 to 6*55 per cent. 
There was no connexion between the amount of mineral 
matter presept in the ash and the moisture contents of the 
fibre, which fact seemed to indicate that these mineral 
substances had been taken up by the plant itself during 
growth, and were contained in the substance of the fibre. 
Oil burning the lint the skeleton nature of the ash assumed 
the original form of the fibre. The amount of the mineral 
matters contained in the ash will depend on the corn- 
portion of the soil in which the plant is grown, and will 
(particularly the insoluble portion) have an effect on the 
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behaviour of *the ^cotton during bleaching and dyeing. . 
The composition ot the ash was found to be : 



ICmlwiy 

^ I’unjrtuh 

Silica (mod. as HCl) 

i o oo 

14 10 

Alumina 

10-80 

1 2 87 

Iron oxide 

5 -SO 

1 02 

Lime . 

9 70 

10 08 

M.ignc-ui 

l 87 

4 00 

Sulphates (as SO ) 

1 oo 

o.r, •> 

1‘luAphont.s pcntuxnlf 

o 20 

4 10 

Potash 

27 M 

20-08 

Chlorine 

<>•88 

8 8 1 

(\nbmi dioxide 

18 10 

8 o:; 

Soda 

-i 8 i 

8 10 

Pndeteinimcd and l<»-s 

o l 

2 82 


Barnes stales that it i-> impossible to remove the last 
traces of mineral matter from cotton by chemical treatment, 
umfhe conclude- that this mineral matter is part of the libre. 
The slightly acid pectins ab>orb some o( the mineral mat ter, 
and then it is well known that cellulose has a high absorbent 
action on mineral salts in solution. 

The occurrence of phosphorus in plants is discussed 
on p. 1G. 

Pjktic Maitkks 

Pectins occur in the intercellular spaces between the 
cells of fibies. They are complex bodies, being a mixture 
of several chemical individuals. As mentioned on p. 19, 
recent work on pectins has shown that the cementing 
substance, usually called pectose, contains a calcinm- 
magneshim salt of a complex organic acid. Pectose exists 
along with cellulose in the substance of most cell walls. 
It ^ias not been obtained pure in consequence of its clpse 
association with cellulose and the readiness with which 
it undergoes change in the process of extraction. 1 The 
reagents which separate it from cellulose convert ft into 
pectin or into peetic acid, the former being soluble in 
water ’and the latter in alkalis. Pectose is also changed 

1 J. Reynolds Green, Vegetable Phenology (J. k A Churchill;. 
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% by the action of natural ferments into pectin, which is the 
chief constituent of Irish moss. The ferment which causes 
this change is known as peetosc. 

Schweitzer’s reagent dissolves out cellulose from the 
cell wall and leave's the framework, which contains pectose 
or a compound of copper and pectic acid. 

P.cctin swells up and dissolves in ^water, forming a 
viscous liquid which soon becomes fi j6lly. It is thrown 
down by basic acetate of lead. Boiled for some hours in 
water it is converted into jmrapectin, which is precipitated 
by neutral lead acetate ; and further boiling with dilute 
acids converts it into metapectin, which is precipitated by 
barium chloride. Pectic *icid does not dissolve in water, 
alcohol, or acids. It forms soluble salts with the alkalis, 
and insoluble ones with the metals of the alkaline earths. 
It dissolves in alkaline carbonates, phosphates, and in 
solutions of most organic ammoniacal salts, forming with 
them double salts which gelatinise with water. The 
solution in alkaline carbonates is mucilaginous, but when 
ammonium oxalate is the solvent it is perfectly limpid. 

Metapectic acid is freely soluble in water and forms 
soluble salts with all bases, especially those of barium 
and calcium, which, however, precipitate pectic acid. 
Metapectic acid is the iinal product of the action of 
reagents on pectose ; it does not form a jelly, its solu- 
tions being always limpid. It probably occurs in gums. 
With sulphuric acid one of the products is apparently 
arabinose. 

Pectic bodies are found to be prominent in the layers 
of the cell wall remote from the protoplasm, and cellulose 
in those nearest to the interior of the cell. Pectic bodies 
are regarded by some chemists as compounds of carbo- 
hydrates of varied constitution with acid groups.* Then 
cellulose is sometimes converted to lignin in the plant, this 
body bein^ probably a mixture of substances formed suc- 
cessively from cellulose. It differs from cellulose in that 
it does not stain blue with iodine and sulphuric acid, but 
becomes red when treated with phloroglucinol and a 
mineral acid, and yclloW with aniline chloride. 

^Barnes (Journ. Soc. Chan. lnd. y 1916, 35, 1191), in 
discussing the pectins of cotton, refers to the work of 
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Mangin, showing that pectic matters consist of two classes 
of substauces, viz.* (a) neutral bodies resembling peetose, 
which is an insoluble compound closely resembling cellu- 
lose' in its properties, and bodies of a gelatinous nature 
soluble in water, kngwn as pectins ; (6) faintly arid sub- 
stauces, the principal member of the group being pectic 
acid, which occurs in nature as calcium pert ate. Such 
acids will account for the ’ absorption of some of the 
mineral matter, and neutralisation of excessive acidity 
may be one of the functions of the alkaline salts in the 
sap of plants. 

Colouring Matters 

Many natural colouring nnftters exist in combination 
with proteins, r.tj. indigo along with indigo gluten in the 
indigo plant, and it is for this reason that the colouring 
matters of raw textile fibres are fa.>t. Magnesium chloride 
exists in cotton, and it also combines with proteins; like 
sodium chloride, it can be used to dissolve proteins, or at 
higher strengths to proeipitate them from solution. More- 
over, tannic acid aho precipitates peptones (decomposition 
products of proteins), and tannic acid is found in fibres. 

The chlorophylls are unstable, and are constantly 
undergoing reduction in the living cell. The replacement 
of chlorophyll by carotin is said to lie the cause of the 
ruddy colour of autumn leaves. Some linen yarns are 
green (chlorophyll) and some are brown (carotin), and the 
same remarks apply to their benzene extracts. A greenish 
yarn after extraction by benzene becomes brown. 

Schunck stated that cotton contains two colouring 
matters, one soluble in cold alcohol and the other in boil- 
ing alcohol. One contains 0*18 and the other 874 per 
cent of nitrogen. Marohlcwski (Joura. Clu'tn. Soc ., 1899, 
84) obtained the colouring matter of cotton in crystals, 
which, he stated, had the composition C 18 II H 0 7 . He 
named this substance gossypol. It dissolves readily in 
alkalis to an intensely yellow-coloured solution, and lilso 
in sulphuric acid to give a characteristic crimsoi^ colour. 

W. L. Balls states that aboi^t the 27th day of the 
development of the cotton plant a marked change takes 
place in the pigment layers, which has not been in *esti- 
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gated, but which is of considerable interest because it 
denotes the beginning of the second sta£e of boll matura- 
tion, during which the lint is given its strength'. ‘ The 
change sho^vs up in material jvhich has been preserved in 
a mixture of aoetic acid and alcQhol. All the bolls 
from the first stage “ pickle” to a green colour, which, of 
course, fades to a brown on exposure tonight. From the 
27th* to the 45th day, however, the ‘ pickle” thus 
made is at first piuk and then bright red. The colour is 
probably connected with the development of pigment in 
the seed coat. When the boll is beginning to crack the 
“ pickle” is brown. 

The colouring matter of linen has been investigated 
by Bianchi and Malatesta [Annali Chan. Appl . , 1914, 1, 
281-291), who state that it consists of two definite acid 
colouring matters, one precipitated by basic lead acetate, 
and the other not precipitated by this solution. The 
reddish -yellow aqueous solution of the former, when 
treated with calcium hypochlorite solution, is partially 
bleached in a short time, and after some hours gives a 
yellow precipitate. The other colouring matter gives a 
clear yellow solution. On treatment with calcium hypo- 
chlorite the colour changes to pink after a short time, and 
after some hours is completely bleached. These observa- 
tions are of interest in connection with experiments 
previously performed and described on p. 54. Bianchi 
and Malatesta also found that hemp contained two colour- 
ing-matters, one precipitated by basic lead acetate and 
the other not. 

Cellulose 

The cell wall is formed from the protoplasm or secreted 
by it, and is usually known as cellulose : the thickening 
of the cell wall is a similar decomposition of the proto- 
plasm. The plant produces from the carbon dioxide pf 
the Uir, firstly, sugar, and subsequently starch and cellu- 
lose. The starch being in an insoluble form relieves the 
cell sap«of its sugar, and thus enables it to go on making 
more sugar. Some of the carbohydrate is preserved by 
the plant as a reserve food, and is subsequently used by 
it ; stid some is used to form a considerable thickening of 
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the cell walls; au<^ thus affords a permanent strengthening 
of the plant. Tins thickening is not always pure cellulose, ' 
hut cellulose and pectic material may he present in vary- 
ing ’proportions. The primary cell wall is a # transparent 
memorane composed of cellulose; hut associated with the 
cellulose arc found other materials, such as poet uses, of 
which many forms have been described. Calcium pcetate 
exists between the. inner layers of the membrane. 
W. L. Balls states that the breaking strain of a fibre is 
very largely determined, if not entirely, by its weight, or, 
in other words, by the thickness* of its cell wall ; and there 
is good reason for believing that it depends on the sectional 
area of ^lie walls, independent of their diameter. 

The outer layers of the celf wall undergo a process of 
cuticulansation. which generally extends about hull-way 
through its thickness. An apparently stmetureless mem- 
brane called the cuticle is produced, which prevents the 
absorption or dissipation of water or gases. It is made of 
cnltn by this transformation of tin* cellulose or the poet use 
constituents. With iodine and sulphuric acid it is stained 
yellow', and turned brown by stimig alkalis. Cellulose, 
when partially hydrated, turns blue with iodine; pectic 
bodies do nut give any coloration. 

J. Konig and E. Rump ( Chnn.-Zrit It) 15, 39, 257) 
found the diflieultly soluble portions of vegetable cell 
membranes consist, ch icily of throe classes ol substances, 
viz. pentosans, hexosans, and lignins. In each of these 
classes, one part, termed ymo/o-pentusans, etc., is rendered 
.soluble by enzymes or by water at 2-4 atmospheres 
pressure ; a second and larger part, termed hem /-pentosans, 
etc., becomes soluble on boiling with 1-3 percent acid at 
2-4 atmospheres pressure ; whilst a third still greater part, 
termed orJ/w-pentosans, etc., is only dissolved by strong 
acids or by dilute acids under higher pressure. The ortho- 
group, to which cutin and suberin aLo belong, can be 
further resolved by treatment with weak oxidising agents, 
when all lignins are oxidised and o/7/m-celluIose and cutin 
remain. Cutin and suberin are wax-like substances which 
cannot be oxidised or hydrolysed. They have similar carbon 
contents to the lignins (69-70 per cent), but contain more 
hydrogen (9-12 per cent). Lignins on oxidation ‘give 
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^ carbonic, formic, and acetic acids, Microscopic evidence 
"indicates that the substances accompanying cellulose are 
not chemically combined with th$ latter, but are structurally 
intimately mixed. Haas and Hill 1 state that ligno- 
celluloses are considered by most chemists to consist of 
cellulose combined with at least two other non-cellulose 
constituents. One of these,. A, appear^ to contain an 
aromatic nucleus, and the other, B; centains a furfural 
yielding complex, and is probably a pentosan. The two 
constituents, A and B, are sometimes grouped together as 
a single substance under *the name of lignin or lignone. 
The constitution of this substance is still unknown. 
Suberin is said to consist of # fatty substances, with glyceryl 
and other compound esters easily decomposed by potash. 

There is no intention to give here an account of the 
properties of cellulose (because already many books give 
this), but to present a few items of interest to those 
engaged in the bleaching of fibres. Johnson and Hovey 
(Journ. Soc. Chcm. Ind., 1918, 136) discuss Cross and 
Levan's claim that cellulose residues obtained from wood 
are not true celluloses of the same type as cotton cellulose, 
but that they are, in properties, true oxy-celluloses, giving 
furfural as a typical reaction, and state that the furfural 
reaction is by no means a characteristic reaction for any 
cellulose, since, for instance, the typical oxy-cellulose 
obtained by treating cotton with hypochlorites does not 
give this reaction. Moreover, these cellulose residues do 
not show the most typical oxy-cellulose reaction, namely, 
the high reducing power (copper number). M. Cunningham 
(Chcm. Soc. Trans., 1918, 113, 173-181) states that the 
whole question of the structure of the celluloses remains 
open, and Cross and Be van (ibid. 1918, 113, 182-187) 
throw doubt on the usually accepted furfuroid petatosan 
relationship. 

It is also evident that the celluloses should fye 
re-gi’ouped, or at least some definite distinction should 
be drawn between the groups suitable for plant physi- 
ologists # and those suitable for chemists. With the 
advance in our knowledge of the constituents of fibres, 
these fibres ought now to be classed in groups according 

1 Th« Ctumistry qf Plant 1'roducls (LoDgmins, Green k Co., London). 
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fco the nature of the cellulose which they yield on treat- 
ment For instance, cotton and flax fibres contain similar 
non-cellulose constituents, although the proportions of these 
constituents are quite .different. Further, the celluloses 
which are isolated ‘from these fibres 'by the bleaching 
process are chemically indistinguishable, therefore these 
fibres ought to be classed in the same chemical group, 
in spite of the fae*t that one is a seed hair and the other 
a bast fibre. The use of such terms as pure-, pecto-, adipo-, 
ete., Is yot required to distinguish these fibres. It is true 
that flax contains a small quantity of woody matter, but 
this Is of little importance in the chemical operations 
through which it is put, am] the statement that llax 
cellulose is more easily hydrolysed than cotton cellulose 
Is not supported by the observation of the author that 
40 hours’ boiling of linen yarn under pressure with alkalis 
had no apparent weakening effect. 

If after isolating the cellulose from a fibre this 
ceMulose is found to be dilferent chemically from cotton 
cellulose, there is justification for putting it m another 
chemical group. Grouping in this manner will tend to 
simplify matters, and enable some order to be introduced 
into the present chaos of cellulose chemistry. In the case 
of another carbohydrate, viz. sugar existing in plants, 
sucrose is given that designation whether it be isolated 
from the sugar-cane, sugar-beet, or maple-tree. If, how- 
ever, the sugar isolated is not identical with sucrose it is 
giveu another namo. The same reasoning should apply 
to cellulose isolation, although, of course, the grouping is 
not such a simple matter as with sugars which can be 
separated by crystallisation. But take the ease of the 
starches. It is known that all forms of starch occurring 
in the vegetable kingdom are not precisely the same (see 
A. R. Ling, Annual Report on Progress in Applied 
Chemistry , vol. ii., 1917), but it must be admitted that 
collecting these forms together and calling them starch * has 
simplified matters and assisted progress in operations in 
which starch takes part. Recently it has oeefl shown 
fhat • the cellulose separated frtfm straw is chemically 
indistinguishable from cotton cellulose. 

The methods which have been used for isolating , 
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cellulose from plant products, for the, pufyose of esti- 
mation, are of interest to bleachers. The principle of 
Cross and Bevan’s method is (J) alkaline hydrolysis by 
dilute sodium hydroxide, then (2) exposure to chlorine 
gas, and (3) extraction with alcohol and ether. It is not 
the intention to discuss here tins method, but in the light 
of conclusions given on p. 54 that chlorine does not bleach 
the colouring matter ol‘ linen, the -use of hypochlorite 
solutions instead of chlorine gas might be preferable. 
Parker (Joum. Pfujs . Chem ., 1913, 17,- 219), in order 
to separate cellulose from ‘cotton, treats the cotton with 
potassium hydroxide in a Hank provided with a reflux 
condenser and standing iy a paraffin bath heated* to 
130°- 140° C. In this way cotton yielded 92*5 per cent 
of cellulose. This method can also be criticised from the 
information given regarding the elimination of the non- 
cellulose constituents of vegetable fibres during the 
bleaching process. The isolation of cellulose from any 
fibre can only be brought .about after a study of the faots 
known to bleachers concerning the behaviour of that fibre 
during the dilferent bleaching treatments. Again, it must 
be pointed out that bleaching is a matter of the economical 
isolation of cellulose on the large scale. 
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ELIMINATION OF THE NON-< K\AX LOSE CO.NSTI'JT ENTS 
IN THE JtLKACHINU FKorF.SS 

( ) I * J ‘ 1 1 U l»li .wiling 1 > i • | < in S|.(jnng I >i oj> m — 

< 'li.i n.'i in limit n-i*ii' i f t Yi .liuiii^ -luMf'c, 

As previously mentioned, ilie bleacher's duty is (o remove 
the non-cellulose constituents of the lil »ro, that, is, to 
separate the cellulose; and we will now consider the 
methods he hm‘s to acinose this. These methods vary 
according to the material being tieated and the purpose 
tor which the bleached material is retimed, hut the 
n< thuds employed on the large *calo dill’cr mostly in 
( lei als. tor example, cotton cloth is steeped in water 
or dilute acid, m order to remove the materials added 
during the manufacture, washed, and then boiled in lime 
water or m a solution of caustic soda. After t lie lime 
boiling the cloth is washed \\ **ll, steeped in dilute acids, 
washed well and boiled again, m tins esse with sodium 
carbonate solution ; after the boiling with caustic soda 
the cloth is sulliciently “scoured" for many purposes and 
can be considered to be in a similar condition to the cloth 
given tha lime and ash treatment, although, as will be 
explained later, there is a difference between the scouring 
actions in the two cases. The cloth is then steeped in a 
weak solution of a hypochlorite for some hours, washed, 
steeped in weak acid for some hours, and again washed. % In 
this state the cloth is sufliciently bleached for some purposes, 
but for the production of white cotton goods it is usually 
given* another boil with sodium cartiouate solution, a w T ash, 
a further dip in hypochlorite solution, followed by a wash, 
a dip in weak acid, and a thorough washing. This is 

29 
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, outline of the ordinary bleaching process and we have now 
to consider how the various constituents of the raw. fibre 
behave during these treatments* 

J. C. He\)den [Journ. Ind.*Eng y Chem ., 1914, 714-728) 
found on analysing samples of cotton from the caustic 
soda bleach that the following' percentages of the original 
non-cellulose constituents were remove# by the different 
operations. ‘ * 



Stoop. 

1st boil.! 

2nd boil. 

Chemic. 

Sour. 

Asli 

70*5 

87*3 

95‘4 

93*0 

95*0 

Protein (NxG*25) 


91*5 

017 

92*2 

927 

Fat and waxes . 

5*5 

20*4 

64-0 

67-8 

jB9 G 

(Ether extract) 
Phosphoric acid 

GOO 

100*0 


• 



Biunchi and Malatesta ( Annali Chem . Appl ., 1914, 
1, 281-291) found the following particulars for raw and 
bleached (lax. 

AhIi. Fat and Wax. Aqueous Extract 


Kaw 
Wash oil 


•0-1*2 1-3-2 .2-4 percent. 

■(’>-* 8 12-1*5 1-2 


Bleached . 


Bather less than washed 1-1*5 


Cream” *4 -’8 1-2 


9 


Cotton yarns decrease by about 6’5 per cent by 
weight during the bleaching process, but cotton cloth 
shows different figures, the drop being the sum of the non- 
cellulose constituents of the fibre and the matter added 
during the manufacture. The total drop is generally 
about 10 per cent of the original weight. The scouring 
operation causes the principal decrease in the weight, since 
mast of the, non-cellulose constituents of the fibre are 
removed during this operation. In some cases, after 
thorough scouring the cloth is almost white, showing that 
the ‘colouring matter has been almost entirely removed, 
but in other cases the colouring matter resists removal by 
hot alkalis. The other constituents, however, are largely 
eliminated during the ‘'preliminary scouring. The follow- 
ing figures for the loss in weight of linen cloth during the 
bleaching process also show that during linen bleaching 
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the principal dro£> in weight takes place in thf scouring. , 
(.S. H. Higgins, Jonm. Soc . Chem. Ind. y 1911, <30, 1295.) 




/ 

Loss 



Weigh t’grosa. 

j>er cent. 

Example 1.- 

-Brown Linen 

921 


After steeping 

88 7 

8-8 


„ lime boiling 

77-i:> 

16-2 


,, lye boiling 

70-98 

2 2*9 


„ chemieing . 

G958 

24-5 

• 

Fully bleached , • 

07*52 

20-7 

Example 2.— 



IVr cent. 

-Lo^ in lime hud • 


9‘0 

p 

,, l\e buds 


1 5 9 

1 . • 1 r. 


,, ,, “ chemie ” ami 

. sour 

1 44 


Jn Example 1 the scouring accounts for 80 per cent of 
the total drop in weight (hiring the whole process, and 
therefore, lor our purpose oi finding out the way in which# 
the non-cellulose constituents of the fibre are removed, 
the scouring operation is tin* one to he particularly 
studied. The decrease im weight is unavoidable if the 
scouring is done properly and the cloth is properly 
bleached. The figures show that so-called “ half- 
bleaches ” owe their weight entirely to the original non- 
cellulose constituents of the fibre being still retained 
by it . 1 

S. R. Trotman (Jonrn. Soc . Chem. hid , 1910, 249) 
showed that neutral salts, such as sodium chloride and 
sulphate, alumina, iron, zinc sulphate and calcium sul- 
phate, had a large effect in hindering the scouring action 
.of caustic soda, and it has been shown that -starch has a 
similar effect. These observations pint to the importance 
of ‘washing the cloth w r ell after a sour steep, that/is, 
before going into the scouring kier, and also indicate tie 
advantage of using pure chemicals. By means ofr steep- 
ing before scouring many of the impurities of the grey 

1 Knee lit and Hall found for cotton yarn that the lime 1k.i1 brought al»out a 
drop of 2 1 i*er cent in weight, and lime, sour, lye, about 4 per cent. Further ti; O 
ment only brought about a small decrease in weight. ' ’"-'w* 
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material, tovhich are now known to affect the boiling pro- 
cess, are amoved, and perhaps for the first time we. have 
an explanation of the fact that the steep is found ad- 
vantageous in so ipany cases.- (Higgins, Journ. Soc. Dyers 
and Col., 1912, 28, 151-153.) ' * 

The disadvantage of allowing the cloth to cool in the 
kiers after the steam lias been turned 'off is proved by 
Higgins (loc. cit .), since during the (fooling some of the 
impurities removed by the hot lye are re-absorbed. 
E. Jentsch (Fdrbcr Zeit ., 1913, 24, 29) also points to 
trouble after the lye boiling. Faults in dyeing were 
found to be due to not Hooding the cloth with cold 
water when running off the lye after boiling ; aparts of 
the cloth touching the walls of the kier became over- 
heated and developed oxy-rellulosc. Also, by admitting 
caustic, soda to the kier in too concentrated a state, faults 
resulted ; slightly local memorisation was said to be pro- 
duced which resulted in dark stripes appearing in the 
goods after dyeing. • 

By the application of chemical reagents to yarns, 
considerable change in the structure of the yarn is ob- 
served ; for example, the tensile strength is altered. This 
change must be discussed apart from the change in the 
cellulose of the yarn, which will be referred to later. 
O’Neill gives the following figures for the tensile strength 
of cotton threads before and after bleaching : 

Before bleaching. After bleaching. 
17 14 grains 2785 grains 

8140 „ 2020 „ 

8407 „ 8708 „ 

8512 „ 4025 „ 

showing that the bleaching process actually increased the 
strength of the thread. Huebner and Pope (Journ. Soc. 
Gft'em. Ind., 1903, 32, 70) showed that during the scour- 
ing the tensile strength of the cotton yarn was increased. 
It has* previously been mentioned that on extracting the 
wax from cotton yarnllie tensile strength is increased and, 
siuee the scouring removes a large proportion of the wax, 
^lt is probably for this reason that the strength is increased. 


1 ('loth. 
1 „ 

2 
*) 


Weft l In cads 
Warp „ 
Weft „ 
Warp 
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It is also noticed that on breaking single yarns Ithey are 
liable to uutwist and thus break sooner than tlrey would 
do if their twist was preserved. After scouring they do 
not untwist so readily, the cohesion and consolidation 
being increased during the boiling. S. li. Trotman and 
S. J. Pentecost (Jouni. Soc. Chem. JW.,1910, 4) found that 
the loss in length tf yarn during the bleaching process was 
about 2‘G per cent, 5 per cent being allowed in commercial 
bleaching operations. For the count of the yarn, depend- 
ing on the length and weight, they give the following 
changes : ‘ 


Count Ik* fore lye 
t filing 

24 

•» *) 

Count after ly 
boiling 

2570 

H) 

>»•* i J 

42 0 

70 

72*58 

SO 

H3-90 

1 00 

1 0 100 

120 

125 GO 

150 

1 07 50 


}*' P. Jecusco (Journ. Soc. Dyers and Co/., 1917, 33, 
34) found on boiling cotttfh with 3 per cent caustic soda 
and 2 per cent sulphated oil at 15 lbs. pressure for 8 
hours there was a loss of weight of G'45 per cent, a gain 
in strength of 22 '8 and in elasticity of 0'95 per cent. 
With full bleaching the loss in weight was 7 '3 per cent, 
the gain in strength 25‘9, and in elasticity 079. The 
numbers vary with conditions, but in all cases the bleach- 
ing operation showed a substantial gain in strength and 
elasticity. If, however, the boiling process is restricted 
os to necessitate a more severe hypochlorite treatment, the 
total effect of the bleaching may result in' a loss of 
strength. For example, on using soda ash in place of 
caustic soda for the boiling, and afterwards using j 
stronger hypochlorite solution, there was a loss of weight 
of 77 per cent and a loss in strength of 47 per cent? 

Higgins (Jotmi. Soc. Chem. Ind. 0 1911, 30, 1295) found 
the following variations in tensile strength of linen yarns 
during the bleaching process : 

D 
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Examp\^ 1.— 

-Brown yarn . 

After, lime boiling . 

„ lye boiling 
,, chemic ‘ . * * .. 

Tensile strength. 

1270 grms. 
960 • 

1070 „ . 

930 „ 


Fully bleached * 

910 

• 

Decrease in strength # 

2 8 ’3 per cent. 

Example 2 — 

-Brown yarn 

After lime ipid lye boils . 

„ chemic . 

950 grms. 
730. „ 

720 „ 


Fully bleached 

710 # 


Decrease in strength . 

2 5 *3 per cent. 

Example 3.— 

-Brown yarn . 

After lime and lye boils . 

„ chemic . 

Fully bleached 

Warp. Weft. 

1050 800 

890 8(50 

800 8>0 

780 740 


The results show that lye boiling sometimes causes an 
increase in tensile strength, although, as shown by the 
figures on p. 31, the drop in height in this operation is 
considerable. There is naturally a disturbance of the fibre 
by the removal of as much as 30 per cent of foreign matter 
from it, for in the ease of cotton the decrease in weight 
is only about 5 per cent. After the effect of the scouring 
there is seen to be little further decrease in strength, thus 
showing that efficient bleaching removes the non-cellulose 
material from the neighbourhood of the fibre without 
appreciably impairing the tensile strength of the fibre 
itself. 

The changes in dimensions, etc., of linen and cotton 
goods during the bleaching on the large scale is shown 
ip the following table (Higgins, Journ . Text. lnst. % 
1916,29): 










• * 'm n rj .'J Cl ci 
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The Vellowing of goods during stbrage has received 
much attention from chemists. Erban ( Farb . Zeit ., 1912, 
370) 8tat\s that yellowing during steaming or* storage 
is not due to the fats contained in the fibre, out to other 
constituents, ifebden ( loc . cit.) regards the proteins as 
having more influence on this development than the fats. 
Leyine (Journ. Ind. Eng.‘Chem., 191‘6, 298), supported 
Hebden as regards the importance of the nitrogenous 
impurities, but also found that the ether-soluble impurities 
have an injurious eflcct, whereas the yellowing during 
steaming is not connected in any way with the presence 
of the alcohol-soluble impurities. R. E. Crowther (Joum. 
Soc. Dyers and Col., 1913, 9), as opposed ti) Elrban, 
regards proper scouring as the only way of preventing 
yelldwing. He found that discoloration on steaming 
was not a function of the nitrogen contents of the cloth, 
and therefore was not due to chloramines. By treating 
brown cotton cloth with hypochlorites, washing, souring, 
and again washing, lie found the cloth contained as little 
nitrogen as it did after lye boiling. 

If the waxes of brown textile fibres are melted they 
become darker in colour, hence, if cloth containing wax be 
heated above the melting point of the wax, it becomes 
darker in colour. Experiment^ show (Higgins, Journ. Soc. 
Ch cm. Ind., 1914, 902) that these waxes are only gradu- 
ally removed during the bleaching process, and that the 
appearance and colour of the waxes are only slightly 
altered ; hence on heating cloth at any stage of the 
bleaching process it will become darker in colour owing to 
the melting of the waxes contained in it. Good scouring, 
however, removes a largo proportion of the non-cellulose 
constituents of the fibre, so that it is obvious that the 
more perfect the scouring the less chance there is of 
yellowing during storage. A sample of linen which had 
tprned brown during steaming was found to be only a 
three-quarter bleach, i.e. it contained some of the original 
nou-cellulose constituents of the fibre. Extraction with 
benzene and alcohol failed to remove the brown colour, 
and boiling with sodii-ash solution only accentuated it, 
but boiling with soda ash, then chemicing and souring, that 
is, giving another turn of bleaching, removed the trouble. 
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Good scouring is tlie only method of preventing tallowing 
on storage (Higgins, J, Soc. Dyers mid Col. , 191J3, 35-53). 

if. Freiberger (Z. angew. Chen\, t 1916, 29, 797) states 
that cloth bleached with cold hypochlorite solution and 
then soured did not keep so well os the same cloth 
bleached in a warm alkaline, and then in a warfii acid 
bleaching bath. He later states ( Fdvber Zei(. } 1917, 28, 
22 1-224, 235-236, 249-252) that the main cause of the 
yellowing of cotton is the presence of f3 o\y cellulose. 
Fats play no appreciable part in the yellowing of the 
goods during steaming, and fully scoured cotton is dis- 
coloured only slightly less than the raw goods. Chcmiced 
goods show the strongest discoloration. Oxycellulose 
becomes quite brown on steaming, about 100 times darker 
than cellulose. B. Haas (Pa/orr/obr., 1914, 12, 891) 
had previously stated that fabrics bleached with blcuching- 
powder solution showed the greatest tendency to dis- 
coloration, those bleached with electrolytic liquor were 
better, and those bleached with sodium peroxide were 
almost stable in colour. In the case of the bleaching- 
powder solution the trouble is said to be due to t he ^ 
fixation of alkaline earth compounds on the fibre. More- 
over, the benefit of soft water in the bleaching process 
is lost. If fabrics heat ui> on leaving damp in a heap, 
the temperature produced*^ pends on the state of purity 
of the fabrics, and the nearer the cellulose approaches a 
state of complete purity the more stable is the bleached 
colour. Higgins' mentions an American works which 
bleached cotton elotli by “wetting out," saturating with 
bleaching-powder solution and allowing to lie, washing in 
a machine, souring, and again washing. These goods were 
found to deteriorate in stock, because the non-cellulose 
constituents of the cloth had not been removed but merely 
oxidised and left in the fibre to cause trouble afterwards. 

• Higgins (Joum. Soc. Chcm. lad., 1914, 702) found, a 
loss in weight of 9 per cent and of strength of 16 p*r 
cent in “creaming" linen yarn. The loss in weight was 
made up of 1*01 per cent due to the acid treatment; 
2*03 per cent due to washing wittf water; and 5'96 per 
cent due to oxidation by the hypochlorite. 

1 The Dyeing Industry (Manchester University Press). 



CHAPTER IV 


ELIMINATION OF THE WAXES OF FIBRES DURI^I TllE 
BLEACHING PROCESS 


Effect of lime boil — (VuiHtie hodu boiling — Volatile hoi vents and waxen — 
Hypochlorites and waxes — Reducing properties of iNaxes — Boiling with 
baryta and etrontia. 


After the caustic soda bleaching process the figure* of 
Hebden show that 30 per cent of the original fats and 
1 waxes remain after the full bleaching. Knecht ( loc . cii.) 
states that the waxes are not entirely removed by bleaching 
cotton. In the case of linen cloth, Higgins (loc. cit.) 
found that the waxes were gradually but not entirely 
eliminated during the bleaching : 


Original linen 

Wax per cent. 

1-47 

After water boiling . 

1-42 

„ lime boiling and souting 

1-59 

„ 1st lye boil 

0-25 

„ 2nd lye boil . 

Oil 

„ 1st cliemic 

Oil 

Fully, bleached 

0 030 


Tl;e percentage of wax was calculated on the original 
weight of the brown linen in all cases. Other pieces 
of bleached linen were found to contain from 0’02 to 
0*045 per cent of wax. In the lime boil the waxes are 
saponified but not reboved ; the unsaponifiable portion 
remains attached to the fibre, and also the lime soap 
produced by the union of the fatty acids liberated during 
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the saponification, and the lime. By considering the' 
composition of the wax of linen (p. 13), it is seen that 
solid* alcohols are liberated by tho hydrolysis, and these 
are also soluble in the benzene used lcr the extraction? 
It is for this reason that the. extract after the lime boiling 
and souring was greater than from the original linen. 
A large number of experiments were carried out to 
determine this increase in weight; in one case the extract 
increased from 1*65 to 1*88 per cent. Also it must be 
remembered (as pointed out on # p. 12), that on souring 
linen and cotton before extraction, the percentage of 
extract is increased ; in the last example mentioned, 
this previous souring brought* the wax extract of the 
original yarn to 1*81, thus only lcu\ing 0 07 per cent 
to be accounted for by the solid alcohols produced during 
the saponification, and .soluble m benzene. 

The wax extracted from linen after lime boiling and 
souring was found to contain 40 per cent saponifiable 
matter, wheroa- the wax extracted by benzene from brown 
linen only contained 27 'o per cent saponifiable. This 
difference \v#s due to the amount of wax which i^ 
ex i meted from linen after souring, subsequent to the 
benzene extraction (p. 1^!) A large number of tests 
showed this Similar results were obtained in the case 
of cotton. 


Hanks of linen yarn were given the treatments 
mentioned in the following table, and their wax contents 


then determined : 


l>f t roas<‘ hi W< i^lit Wax 


jM'i o nt I>?r cent. 

1. Lime, he, lye . 21*8 0 00 


2. Lye, lime, l)e . ... 0 0 4 G 


3. Lye, lye, lye . ... J}10 


Sample No. 3 was by far the dullest in appearance, and 
the figures show that it contained by far the most wax. 

The lime boil has long been a topic of arguments 
between chemists and bleachers. The former state that 
caustic soda is the best saponifying agent, and tffe latter 
reply* that the lime boil cannot f>e replaced for certain 

1 All fata contain a amall quantity of the monohydric alcohols, cholesterol and 
pbytoaterol, which form what ub known aa the unaajxmifiable residue of fata. 
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^classes of goods. Lime boiling is not a mere survival 
of the days of empiricism ; it is the best treatment for 
some classes of goods,, for the- figures given above show 
that it is the best means of‘ removing the waxes from the 
fibre. After the lime boil and sour we have on the fibre 
the unsaponifiable portion of the wax and free fatty acids, 
and. when the contact with alkali takes place in the lye 
boil, a soap is readily produced with the free fatty acid, 
and the rapid emulsification and elimination of the 
unsaponifiable portion results. Shorter found f that on 
adding a solution of an alkali to a mixture of a mineral 
oil and a fatty acid, the emulsification was practically 
spontaneous, and ho explained this as being due to (1) the 
rapidity of the formation of the soap layer ; and (2) the 
plasticity of the layer. AVe have these conditions pro- 
duced in the case of the lime boiled and soured cloth 
being led into the soda ash lye, for the wax of the cloth 
here consists of a fatty acid and an unsaponifiable sub- 
stance like mineral oil (Higgins, Journ. Text Inst., lift 6, 
7 , 30). S. A. Shorter [Journ. Soc. Dyers and Col. , 1918, 
( 34 , 137) states the emulsifying effect of alkalis is an 
interesting example of surface reaction. An alkaline 
solution will emulsify an oil only when the latter contains 
a sufficient amount of free fatty acid. The elfect is due to 
the formation on the surface of a layer of soap, which 
modifies the properties of the layer in such a way as 
to facilitate the splitting of the oil into small drops. 
If there is not sufficient fatty acid to form a soap solution 
of the necessary strength, alkali alone will not act as an 
efficient detergent, and it is necessary to use soap. He 
states 1 that the above explanation of the efficacy of the 
lime boil is convincing. In this connection it is interesting 
to note that Scheurer and AVallach (Bull. Soc. Ind. Mid- 
house, 1913, 83, 510) find mineral oil if mixed with 
vegetable oil to at least 60 per cent becomes emulsified 
o» boiling with alkalis. 

The extraction of linen yarns and fabrics with volatile 
solvents before scouring has been protected (J. Burt 
Marshall, Ltd., and & H. Higgins, Eng. Pat. 102892 
of 1916) in order to dispense with the boiling with lime, 

1 Private communication. 
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caustic soda being used instead. J. F. Briggs ( Annual / 
Repoi'ts on Progress in Applied Chemist ry, 1917) makes 
fcho following remarks on this prc^ess : “ S. II. Higgins, 
following up bis previous ‘study of the chemistry of flax 
wax (loc. at.), in Which it was shown that the wax of 
linen fabrics could not be advantageously attached by 
boiling with soda alone, has regarded the presence of this 
wax as the chief raison d'etre of the tedious preliminary 
lime boil and ‘ black sour/ and claims that this treatment, 
with its attendant danger of lime stains, may be avoided 
by a preliminary extraction of the goods with \olalilc 
solvents, after which the soda boil may be applied direct. 
The ila* wax thus obtained is* a complex mixture, from 
which the true hard wax may be separated by suitable 
purification. In times like the present the wax by -product 
possesses very considerable value, but it remains to lie 
seen whether the treatment proposed is technically and 
economically justified." 

Returning to the ellect of the lime, boil we find chemists 
are by no means agreed that this treatment has any 
advantage over the caustic soda treatment. For instance* 
T. otman and Thorp 1 give the following comparisons of 
goods bleached by the two methods: 



K'l"'* 

mn,' 1 K\J.| n 

tm'iit *j 

| lM-n 

mi l,! 3 


y,,h im.ii 

1 Hill* I*|'1 lau) 

1 ’rinOmil 

NhU lxjll 

1 

I .Inn* boil 

A»h 

j 0 20 

0 52 0 20 

I 0 50 

1 

0 12 

0 50 

Fret* fat 

; o io 

0 20 0 20 

' 0*15 

j 0 10 

Oil 

Fatty acH*j (us -oa|t) 

0 10 

0 22 0 IS 

| 0 21 

; o2o 

0 50 

Nitrogen 

0 05 

0 07 

1 

j 0 07 

0*07 


The following figures (C. Beadle and II. P. Stevens, 
J&urn. Soc. Chem. hid., 1913, 32, 174) show the effect of 
removing the wax from cotton on its power of taking »p 
water. Samples of cotton of the various kinds mentioned 
were dropped on to water, and the times they required to 
become immersed were measured. 9 


1 Bleaching and Finishing of Cotton Goods (C. Griffin, I»ud., 1911), 
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Testa. 

Cotton wool (ordinary) . . . more than • 24 hrs 


Cotton bleached, but not loured * . . 3 1*3- seen. 

Cotton boiled in 1 per cent NaO^I , # . 12*3 „ 

Cotton foiled in 2 per cent NaOH . .. 5*7 „ 

Cotton boiled and bleached and boiled again * 4*0 „ 

Cotton after extraction with ether an4 

alcohol ...... *5 „ 


The maximum effect of the caustic soda was produced 
by three hours’ boiling. 

Various methods have been proposed for more # effec- 
tively removing the waxes during the scouring operation. 
Peckham (Met. and Chem. Eng ., 1916, 4, 160) boils the 
cloth* 1 in a soap solution containing benzol, and S. Dyson 
(Eng. Pat. 10311 of 1913) uses a solution containing 
potash soap, carbon disulphide, and olein for removing 
grease from fabrics. Resin soap, along with the alkali, 
has long been used, apparently with the same reason ; but 
tests of the efficacy of the substance are difficult, because 
•some of the resin invariably adheres to the cloth after the 
treatment, and is dissolved out by solvents during the 
experiments. Benzol and other solvents brought into an 
emulsion with Turkey red oil and water have also been 
used. These preparations act in an efficient manner, but 
their cost does not admit of their extensive adoption on 
the large scale. 

The effect of hypochlorites on the waxes was investi- 
gated by Higgins ( loc.cit .). “Cream” linen yarn was found 
to contaiu 1*21 per cent of wax, which was apparently 
little different from the original wax. On saponification, 
however, it was found to contain 60 per cent of saponifi- 
able matter., The chemieing process, therefore, changes 
the wax into products which yield to a larger extent 
to, saponification, thus explaining the observation that 
ckemicing prepares the impurities for removal by the 
scald. Cotton cloth gave similar results. During the 
saponification a white solid was produced, and was 
apparently potassium 'chloride formed by the union of 
the chlorine of the chlorinated wax with the potash of the 
alcoholic potash used for the saponification. 
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Knecht (loc. cit.) has referred to the reducing effect oty 
some.of the constituents of the cotton fibre, and Hofmeister 
has mentioned bodies of an aldehydic nature in flax wax. 
These reducing agents cause' the bleeding of vat colours 
in the lye boil, and to* prevent this action J. Graf (Ger. 
Pat. 288751 of J914) pads, the cloth with caustic soda, 
to which non-oxidisable salts have been added. .The 
goods are allowed* to lie for some time before boiling. 
L. Kolhnann (Papierfabr., 1910, 8, 8G3-869, 890-893) 
gives the following figures to show the changes in the 
reducing power of a given sample of raw cotton in the 
course of the usual bleaching process. The results show 
milligrammes of permanganate reduced by 100 grammes 


of cotton in one hour : 

lhiw cotton . 509 

After lime boil 402 

After ash boil . 223 

Alter bleach . 171 


The greatest reduction in the power is shown after 
the lye boil, when the waxes and proteins are largely 
el'Minated. R. Scholl (/io\, 1911, 44, 1312) states that 
the reducing properties of # cellulose, which are shown in its 
behaviour towards Fehlmg’s solution, may also be shown 
by certain vat dye-stuffs. A flavanthrene vat may be 
prepared by means of overbleached cellulose, by boiling 
the latter for half-a-minute with 2N-sodium hydroxide 
and a little of the dye-stuff. W. F. A. Ermen (Jouru. Sor. 
Dyers and Col . , 1912, 28, 132) describes an improvement 
of Scholl’s test for oxyeellulo&c given above. 

For the effect of enzymes on waxes see p. 1 10. 

The use of baryta and strontia in place of lime for 
boiling cotton goods has often been tested. R. Weiss 
states (Bull. Soc . Ind. Mulhonse , 1914, 87, 420-500) that 
baryta is iuferior to lime for this purpose, but strontia has 
a much more rapid saponifying action, ft is, howevffr, 
more costly and tends to cause damage. 



CHAPTER V 


ELIMINATION OF THE PROTEINS IN THE BLEACHING 
PROCESS 

t 

Drop m nitrogen during blenching — Non-protein nitrogen — Chloramines of 
no importance during bleaching. 


During the hydrolysis of natural proteins carbon dioxide 
and ammonia are formed in varying amounts. The pro- 
duction of calcium carbonate during lime boiling aiufcof 
sodium carbonate during caustic-soda boiling is due to the 
evolution of carbon dioxide, and the liberation of ammonia 
accounts for the peculiar smell of the kier house of 
bleachworks. When proteins are boiled with alkalis some 
of their sulphur is split otf as alkali sulphide. The amount 
of this is between one-third and two-thirds of the sulphur 
of the protein. Since, as shown later, efficient scouring 
effectively removes the proteins from textile fibres, it can 
therefore be said that the sulphur is also removed during 
this operation. 

The nitrogen of Egyptian cotton was found by 
. Schindler ( Journ . Soc. Dyers and Col., 1908, 24 , 106) to 
vary from 0*250 to 0*256 per cent. On boiling with 
caustic soda of 2 3 Tw. these quantities were reduced to 
0*064 and 0 066 per cent ; caustic soda of 10° Tw. brought 
thq nitrogen down to 0*028, and of 77° Tw. to 0*019 and 
0^)16 respectively. Thus on boiling with caustic soda 
the bulk of the nitrogen of the cloth goes into solution in 
the caustic liquor. Ammonia, corresponding to 0*06 per 
cent of nitrogen, was evolved during the boiling with the 
strongest solution of caustic soda, Trotman found 0*05 
per cent of nitrogen in cotton after the caustic boil, and 
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Hebden ( loc . cit.) found 91*5 per cent of the nitrogei^ 
was removed by steeping and boiling cotton cloth with 
caustic soda. , 

From a consideration of* the methods used for separating 
proteins (p. 17), it *is seen* that the bleacher, by using 
water, dilute acids', and hot dilute alkalis, employs tfle best 
reagents for this separation, therefore it is to be expected 
that a large proportion of the protein of the fibre will ‘ 
be removed. Proteins are hydrolysed when boiled with 
caustic soda or lime ; and although the separation of the§£ 
products of hydrolysis is difficult, the estimation of the 
anipionia given oif during the hydrolysis is an easy matter, 
and gi*es some clue as to th<* nature of the products of 
hydrolysis. It is usual in determining the protein of 
vegetable products to determine the nitrogen and* then 
multiply by G ‘ 2 5 , but tins method is not satisfactory, 
since some vegetable products only contain half their 
nitrogen as protein. Higgins (» Junni. Soc. Dyers and 
CW., 1919) used the method of Osborne, Leavenworth, 
and Brautlecht (Amer. J. Physiol., 1908, 23, 180-200) for 
detecting and approximately estimat ing proteins. Jn thi^ 
method the protein is distilled with caustic soda, the flask 
ben;g replenished by water and distilled until no more 
ammonia is evolved. In* the case of linen yarn it was 
found that the whole of the nitrogen was given off during 
three distillations, whereas cotton required as many as 
eight distillations to drive off all the ammonia. These 
observations are discussed in the light of the results 
obtained by Osborne when distilling other proteins. 

Using this distillation method of approximately esti- 
mating proteins, cotton cloth was found to lose a large 
amount of its protein (used in sizing the warp yarns) by x 
stooping and washing, and unsized cotton yarn was found 
to give up about one-third of its protein by steeping in 
neutral salt (sodium chloride) solution. Distillation with 
lime showed that the lime effectively hydrolysed the* 
protein, but the products of the hydrolysis being only 
partly soluble were not completely removed frbrn the 
cloth as in the case of caustic-sodn boiling. Steeping in 
dilute acid was also found to remove some of the protein 
from cotton yarn. 
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v Cotton yarn boiled with caustic soda under low 
pressure on the large scale was found after welL washing 
to ‘give off no appreciable amount of ammonia on dis- 
tilling with caustjp soda as* above described, therefore it 
was concluded that the caustic-soda boil effectively re- 
moved the proteins from the fibre. Tt / was found that 
boiling with soda ash had also the same effect. After 
lime boiling and souring the yarn yielded an appreciable 
quantity of ammonia on distillation ; a second lime boil 
^pd sour reduced this amount, but still the ammonia 
evolved was appreciable. • As previously mentioned, this 
observation was not due to incomplete hydrolysis, but to 
the products of the hydralysis clinging to the fifcrfc. A 
soda-ash boil after the lime boil and sour, that is, the 
complete scouring usually given after the lime boil, was 
found to remove all the protein. Ilebden ( loc . cit.) found 
that the first lye boil removed 91*5 per cent of the nitrogen, 
and a second lye boil 917 per cent — that is, on washing 
the cloth well after the first lye boil, and then boiling 
in freshly made alkali, only a further 0’2 per cent of 
#nitrogen was eliminated, leaving 8*3 per cent still present 
on the fibre. Obviously this nitrogen cannot be present 
as protein, but as some other nitrogen compound. That 
this residual nitrogen is not protein nitrogen is supported 
by Hebdens figures showing the elimination of phos- 
phorus during the bleaching. Phosphorus occurs in the 
protein of the nucleus of plant cells, and as 60 per cent 
of the phosphorus was removed in the steep, and 100 per 
cent at the end of the first lye boil, it follows that the 
protein containing the phosphorus was all removed by the 
lye boil. 

The results obtained in the case of linen yarn showed 
that caustic soda again effectively removed the proteins 
of the fibre as also did the scouring process — lime boil, 
sour, and lye boil. In the case of soda-ash boiling, 
however, it was found that the proteins were not ail 
removed from linen. Lime boiling gave results similar 
to thostf obtained with cotton. Commercial “ cream ” and 
“ boiler ” yarns were found to contain a large amount of 
protein. 

Proteins have been found to react with chlorine 
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ielding chloramines, which bodies have lately become 
nportant as antiseptics for wound treatment. The* 
liloranrinea are relatively stable, mind the chlorine they 
ontain is “active” in the.spnse of the activity of hypo- 
hlorite chlorine. G. R Cross, E. J. Bevan, and J. F. 
Briggs (t hum. fyc. Chem . Ijid. , 1908, 27, 2G0) staff that 
hloi&mines are conspicuous in flax bleaches, that they # are 
datively stable and resist washing, and are present in 
arns and cloth, fully washed from the ordinary bleach - 
ig operation, and if dried, even after further souring 
allowed «by exhaustive washing, they persist^and imT 
nly slowly decomposed on storage*. Decomposition is 
tter.di'4 by the production of^icid, and hence the par- 
icular cause of damage to textiles, frequently observed 
ut previously unexplained. R. E. Crowther (Journ.*Soc. 
Jyersand Col . , 1913, 29, 38), experimenting with cotton, 
mnd that hyjiochlorites were very difficult to wash out 
f cotton goods, but if the washing was continued up to 
we]ve hours the whole of the chlorine was removed. 
Jottou yarn after ehemicing and washing was spotted with 
Itramarine and heated in a stove for four hours. The f 
ltramariue was not affected, therefore no acid was 
berated during the heating; hence he concluded that 
hlorumines were not preset in the cloth before heating. 
)ther experiments led him to the conclusion that chlora- 
lines were not produced on cotton. 

It is shown above (Higgins, loc. clt.) that cotton and 
nen, when scoured with (a) caustic soda or (b) lime, sour, 
ada ash; are incapable of forming chloramines on treat- 
ment with bleuching-powder solution because they no 
mnger contain proteins. Now this treatment is the 
minimum to which cotton and linen goods ate exposed in 
irge scale operations before the goods are treated with 
ypochlorite, therefore one can safely conclude that the 
xistence of chloramines is of no interest to the bleacher 
f cotton and linen goods. Cotton boiled with soda-asl^ 

J also found to lose practically all its protein, but in the 
ase of linen the result is quite different, since tests 
howed that eight hours' boiling in* soda-ash solution did 
ot serve to remove all the protein from lilken yarn, and 
Iso that commercial “ boiled ” linen yarns contained a 
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large amount of protein. When commercial “boiled” 
^arns are brought into contact with hypochlorite solution, 
then washed, soured, aijd washed, to produce commercial 
“ cream ” yarns, # we have hegre* the only instance of the 
possibility of the existence of chloramines in the bleacher’s 
experience. The protein of,' the fibre,' ^hich resists the 
action of the soda-ash solution during the boiling, is 
unchanged by the treatment because boiling alkaline 
carbonates do not coagulate proteins, but merely remove 
^jhem, therefore the “boiled” yarn going into the hypo- 
cmorite ^produce the “cream” yarn contains a portion 
of the proteins of the original fibre. On distilling the 
“ cream ” yarn with caustic soda in the way pr^ Piously 
described, it was found to give off ammonia in precisely 
the same manner as the original linen yarn did, and, 
moreover, the evolution of ammonia also suddenly ceased 
with the third distillation. A detailed examination of the 
cream yarn will be given later. 

The nitrogen contents of cotton piece goods contaiiyng 
flour sizing are higher than linen goods, which are never 
# sized with materials having a high nitrogen content, and 
since during boiling these nitrogenous bodies become 
soluble, the statement of Cross, Be van, and Briggs ( loc . cit.) 
that “ cotton cellulose is permanently stained by taking 
up the products (containing nitrogen) of the action of 
alkalis on the flax constituents ” is difficult to reconcile. 
Moreover, their statement that “ the nitrogen constituents 
of fibres are extremely resistant, and are only gradually 
broken down by alkaline boils, is not borne out by the 
experiments described above.” 

From experiments on the washing of “ cream ” yam 
goods and on the retention of chlorine by cotton and 
linen, Higgins ( Journ . Soc. Dyers and Col., 1918, 35-43) 
concluded that the deterioration of imperfectly bleached- 
textile fabrics during storage was due to mineral acids 
^vliich had not been thoroughly washed out of the goods ; 
that the chlorine reaction of chemiced and washed cloth 
was dite to free chlorine ; and that there was no evidence 
that chloramines play any part in the deterioration. 
Experiments performed to eliminate the nitrogen from* 
cotton and linen showed that this elimination had no 
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effect on the retention of “ active ” chlorine by the fibres, 
thus showing that this chlorine did not exist as a nitrogen # 
compound in the fibre. The method suggested by Cross, 
Bevan, and Briggs (loc. cii) to destroy hypochlorites and 
leave chloramines unaffected, by adding hydrogen peroxide 
was not found to destroy *ree chlorine, to whieft the 
reaction of the fibres with potassium iodide was due. 
Iodine is absorbed by textile fibres in a somewhat similar 
manner to dye-stuffs, ami it was shown (Higgins, Journ. 
Soc . Chem . Jnd. } 1-909, 28, 188) that unbleached, bleached^ 
and mercerised cotton absorb different quantities #f iodilfe 
front a potassium iodine solution of iodine, thes^quan tides 
being 114 the same proportion *as the amounts of sub- 
stantive cotton dye-stuffs which the different forms of 
cotton absorb from aqueous solutions of these dye-stuffs. 
Moreover, the washing out of the iodine and of dye-stuffs 
from the fibres were found to be similar processes. It has 
never been contended that substantive cotton dye-stuffs 
forni chemical compounds with the cotton fibre, and this 
contention cannot be made in the case of iodine and 
textile fibres. Similarly, the retention of ehloriue by the 
fibres is not a function of the nitrogen contents of the 
fibre Using permanganate as the bleaching agent instead 
of hypochlorite, and thua avoiding the production of 
chloramines, it was found that the cloth thus bleached 
became “ tender ” on stoving owing to the presence of acid 
which was extremely difficult to wash out of the cloth. 
In order to avoid the trouble of acid “ tendering," which 
was proved to be the cause of deterioration during storage 
or stoving, the use of soluble hypochlorites, eg. sodium 
hypochlorite, and the omission of the acid treatment was 
suggested by Higgins for the production of “ cream ” 
linen yarns. 

A further discussion of this subject is giveh in letters 
by C. F. Cross, S. H. Higgins, and J. F. Briggs in the 
Journ . Soc. Dyers and Col., 1918, but it is interesting Co 
note a previous controversy on this matter. C. G. Schwalbe 
(Z. angew. Client., 1908, 21, 302-303) controverted the 
statement of Cross and Bevan thafr during the bleaching 
^ of wood pulp chlorine combines with the residual non-cellu- 
lose constituents of the pulp forming organic chlorinated 

£ 
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compounds, some of which are volatile, whilst others may 
repnain fixed in the fibres after washing. Using both bleach- 
ing-powder solution and sodium hypochlorite Schwalbe 
found that there ( was a very ‘small quantity of chlorine 
both in the organic volatile, form and in the ash. lie 
concludes that no appreciable chlorinatfon of the pulp 
tah.es place, and that the products of the bleaching aie 
. removed during the process of washing. 

E. Knecht and W. Hall (Jourh. Soc. Dyers and Col , 
,^918, 220) found that cotton after the scouring and first 
cftemic h^rl lost 91*3 per cent of the nitrogen* which it 
originally Contained. Since many cotton goods are further 
soured, washed, boiled \wth soda ash, chemiced^ tfourcd, 
and washed, the elimination of the nitrogen must be very 
neaiiy 100 per cent by this time. The same remarks also 
apply to the linen bleaching process. 

In connection with the proteins above mentioned the 
following claim by C. Bcnnert (Ger. Pat. 304003, 1915) 
is of interest. Crude solutions containing protalbic jmd 
lysalbic acids or their salts, such as are obtained by the 
% hydrolysis of proteins by caustic alkalis, are treated with 
magnesium hydroxide to give protein derivatives which 
are useful as detergents and are also employed in the 
textile industry, particularly in dyeing and printing. They 
are purified from other compounds which give insoluble 
compounds with lime and magnesium salts. 



CHAPTER VI 


ELIMINATION OF THE MINERAL AND PEOTIC MATTERS 
DURING THE BLEACHING PROCESS 

a • 

Mineral matter removed at different stages — Polasli in ean^< lye — 
Pectins and at )(R 

Barnes (Joe. cit .) states that the amount of ash in bleached 
cotton varies from O' I to O'O per cent, while special lifter 
paper, prepared for laboratory use by treatment with 
hydrochloric and hydrofluoric, acids, still often contains 
as much as 0 03 to 0 05 per cent of ash. As far as we at 
present know it is impossible to remove the last traces of 
ash by chemical treatment. 

A consideration of the nature of the mineral constituents 
will indicate that the treatment of the fibres, at different 
stage; of the bleaching, with acids will eliminate some of 
the mineral matter, and experiment shows this to be the 
case. Thus Knecht found that the acid extract of cotton 
contained a large amount of mineral matter, and the 
extraction of magnesium from the libre by means of 
hydrochloric acid is mentioned on p. 12. Hebden's figures 
show that only 5 per cent of the original ash remained in 
the cloth after the caustic soda bleach. Higgins found in 
the case of linen cloth that as the lion-cellulose constituents 
of the linen were removed the ash decreased in about the 
same ratio ; there was no great decrease in weight after 
the scouring and also the ash contents of the linen remained 
almost constant. 

A ah per cent. 

Brown linen cloth . 12 8 

After lime boil and sour . 0 18 

„ lye boils . . * . 0'084 

„ chemic and sour . . 0 &8 

Fully bleached . . 0 074 


61 
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Half-bleached linen, which was of a grey colour and 
'contained some of the original non-cellulose constituents of 
the fibre, was found to give 0 37 per cent of ash. 

E. Knecht and W. Hall (« Journ . Soc, Dyers and Co/,, 
1918, 220) found that the alcohol extract of cotton yarn 
contained about 40 per cent ‘of ash, of wnich about 20 per 
cent was potassium. The water extract contained about 
50 per cent of mineral matter, about 20 per cent being 
potassium. Both extracts were* faintly acid to litmus, 
sjhe’ potassium in both extracts was 0*876 and 0*480 per 
c&iit olNlie weight of the* yarn for American and Egyptian 
yarn respectively. The formic acid and hydrochloric^acid 
extracts were also mainlymineral. The mineral matter in 
the yarn consisted of K 2 0, Na 2 0, MgO, and A1 2 0 3 (with 
a trace of iron in the American yarn), and C0 2 , Cl, 
aud fti0 2 (traces). 

The ash contents were : 

Before extracting 

American . 0*931% 

Egyptian . hi?// 

After the lime boil, sour, lye, sour, cliemic and sour 
the ash contents were reduced* from 0*89 to 0*15 per cent, 
the ash remaining on the fibre being principally silica. 

The pec tic matter is practically all removed during the 
scouring, but before it is all removed it is probable that 
the material must be soured because of the calcium and 
magnesium united to the pectic matter (p. 21). Knecht 
and Hall concentrated the liquor obtained by boiling cotton 
yarn with lime water and then added alcohol. A pre- 
cipitate was obtained which was apparently pectic acid, 
so that the pectic matters are removed to some extent in 
the lime boil. The subsequent lye boil removes a further 
- amount. 

B. Leech (Eng. Pat. 104202 of 1916) removes pectic 
matter from cotton by means of aqueous hydrochloric acid 
at or 'near its boiling-point. The pectic matter is removed 
as pectic acid, and soluble chlorides are also eliminated. 
The conditions are chosen so as to prevent a serious loss 
of strength of the fibre. 


After extracting. 

0-076% 

0-070% 



CHAPTER VII 


DESTRUCTION OF THE COLOURING MATTER BM 
, OXIDISING AGENTS 

BK'Wthuu/ action of hypochlorite*- Chlorine water a Irul bleaching agent — 
Metallic oxules and liypochlonU* — ^Ifect of m-ntial Halt*— Etleet of 
ehloude* — H) poohluroua and oa a bleat lung agent — Propertioa of 
hypvx'hlorite solutions — Old cheuucb — Bleaching agents and antiseptics 
- — Drying of bleaching powdei. 

This subject might be called bleaching itself, but it must 
be remembered that the operations, previous to the treat- 
ment of the material with decolourising solutions, remove 
a large amount of the col Hiring matter from vegetable 
yarns and fabrics. Sometimes cotton cloth after thorough, 
securing is only slightly coloured, there being little work 
for v ue decolourising solutions to perform ; but in the case 
of goods made from Egyptian cotton the material is generally 
dark in colour in going into the cliemic. A large amount 
of the colouring matter of linen is removed before the linen 
enters the ehernic, and properly scoured cloth uses up much 
less cliemic than cloth imperfectly scoured (see p. 120). 
The colouring matter with which the bleacher is concerned 
is the small amount which remains after the full Bcouring 
process. This colouring matter has resisted long boiling* 
with alkalis and treatment with dilute acid, so other means 1 
are adopted of getting rid of it. Treatment with solutions 
of hypochlorites is the method adopted in nearly all cases, 
and the hypochlorite of lime, viz. bleaching-powder solu- 
tion, is generally used, although sodium hypochlorite i ^ 
also used. 

Text-books of chemistry state that the bleaching action 
of bleaching-powder solution is tfoe to the presence of 
calcium hypochlorite, which, with hydrochloric acid, yields 
chlorine ; and it is sometimes understood that the process 

58 
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of bleaching consists of dipping the cloth into bleaching- 
• powder solution and then into acid. , Actually, however, 
the goods are bleached by immersing them in bleachi’ng- 
powder solution until their colour is practically destroyed, 
then washing well, dipping into. acid and again washing. 
The^ise of acid is not essential, and it is principally em- 
ployed to remove basic calcium compounds from the cloth ; 
when sodium hypochlorite is used m place of bleaching- 
powder solution the treatment with acid is often omitted. 
The' bleaching action of hypochlorite solutions must there- 
fore bX explained without reference to the subsequent 
immeraioiN’u acids. Davy did not consider the bleaching 
action of hypochlorites t*) be due to their generation of 
chlorine, for lie states (Phil. Trans., 1811, 101, 1-3, 12-35), 
“The hyper-oxymuriates seem to owe their bleaching power 
entirely to their loosely combined oxygen ; there is a 
strong tendency in the metal of those in common use to 
form simple combinations with oxymuriatic gas, and the 
oxygen is easily expelled or attracted from them.” 

It. L. Taylor (Chan. Son. Trans., 1910, 97, 2541) 
f stated, “ It is usually understood that a pure solution of 
hypoehlorous acid bleaches more energetically and more 
rapidly than iree chlorine. I have prepared practically 
pure solutions ol hypoehlorous. acid and compared its action 
with chlorine on various colouring matters, and I have 
failed to find any evidence of the greater activity of hypo- 
ehlorous acid. I am strongly of the opinion that, in 
practice, hypoehlorous acid plays only a minor part in 
bleaching. The active bleaching agent is probably free 
chlorine . ' As this statement was against experience in 
the bleaching industry it was attacked by Higgins (Chem. 
Soc. Trails., 1912, 101, 222), who showed that free 
chlorine had practically no action on the colouring matter 
of linen. Taylor (Journ. Soc. Dyers and Col , 1912, 28, 
151-153) admitted this fact in the following words: 
“‘This peculiarity of linen with respect to the action of 
*chlorine was first pointed out by S. H. Higgins ( Joum . 
Cliem'Soc., 1912, 222),“ and he further stated that the 
activity of bleaching liquors upon natural colouring 
matters canqot be measured by their activity towards 
simple dye-stuffs such as turkey-red and indigo. The 
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latter statement is of course obvious, for the action of 

chlorine on artificial dye-stuffs has to be considered in thfc 
light 'of the chemical constitutions of these dye-stuffs. 
Thus, some substantive cotton dye-stuffc are immediately 
destroyed by (Jhlorine or hypochlorites, whereas others are 
apparently unaffected. We are now concerned witfi the 
bleaching of the natural colouring matters of textile fibres 
such as is carried out* in industrial bleaching. . 

Higgins showed (< J&urn . Soc . Dyers and Col., 1912, 2?f; 
30) that the evolution of oxygen from bleaching-ytfwder 
' elution *in contact with copper*oxide and from nrsolufcion 
oCsodium peroxide in* contact with the sam# oxide were 
similar* actions , and, further, •that they were similar to 
the action of bleach ing-powder solution on the colouring 
matters of textile fibres. In short, the actions were in all 
cases a direct production of oxygen. He also showed that 
on acting on linen cloth with very dilute solutions of 
bleaching powder the action was a unimoleeular one : 


K being approximately a constant ( Chem . Soc. Trans* 
1913, 103, 1816), and therefore the hypochlorite bleached 
by giving up its oxygen directly to produce the oxidation 
of the colouring matter. This conclusion was confirmed 
by observing the action of ddute hypochlorite solutions on 
cotton cloth dyed with indigo, the action being again 
found to be unimoleeular. 

Taylor now stated (Journ, Soc. Dyers and Col , 1914, 
30, 85-88) that the colouring matter of linen was ab- 
normal in its behaviour towards bleaching agents, but 
this point was disputed (Higgins, ibid., 1914, 30, 257)* ", 
The conclusion was drawn that ns regards textile bleaching 
operations hypochlorites bleach because they produce 
(l) oxygen directly and (2) some nascent chlorine at the 
beginning of the action. The latter production wilT be 
discussed later, but here it might be mentioned that sonfe 
confusion was caused because the two experimenters were 
working with different materials .• One was using bleach- 
ing solutions prepared in the laboratory and^cloth which had 
not been prepared in any special way, while the other used 
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the bleaching liquors used in industrial work (which were 
Approximately of constant composition) and well-scoured 
cloth such as is bleachted by the ton every day in bleach- 
works. In shout, Higgins , performed his experiments 
under actual bleaching conditions and forced conclusions 
aftertrials in imitation of industrial bleaching. 

• 

The Action of Metallic Oxides oi i bleaching Solutions 

fxjs well known that the more stable a hypochlorite 
solution* is in air the less readily it bleaches, • and sovf' 
circumstances which make the solution less stable increase 
its bleaching efficiency. «Thus, the addition of* alkali 
increases the stability and decreases the bleaching 
efficiency. The effect of sunlight on hypochlorite solu- 
tions was found by White ( Journ . Soc. Chem. lnd ., 1903, 
132) to produce pure oxygen, or rather the evolution of 
oxygen from hypochlorite solutions was found to be 
greatly accelerated by exposure to the suns rays. *A11 
bleachers know the value of the sun’s rays in the bleach- 
Jhouse, because they stimulate the bleaching action of 
hypochlorites ; this increased efficiency again forms a 
parallel with decreased stability, and points to the con- 
clusion that the pure oxygen which is evolved in the one 
case performs the bleaching in the other. It was further 
found (Higgins, Journ . Soc. Dyers and Col., 1913, 29 , 
85-89) that any agency, such as heat, addition of alkali 
or acid, and exposure to air, which increased or decreased 
the rate of production of oxygen when the bleaching- 
powder solution was in contact with copper oxide, also 
increased or decreased the bleaching efficiency of that 
« solution, thus pointing to the conclusion that the action 
of hypochlorites in bleaching cisterns is identical with 
their action 'on exposure to air or in contact with copper 
oxide. In short, the oxidisable matter in the bleaching 
cistern merely uses up the oxygen wffiich in the other 
cases is evolved as gas. This analogy is further supported 
by the observation (Higgins, Journ. Soc. Chem. Ind. t 1911 , 
30, 185) that copper oxide in contact with the linen fibre 
during bleachipg causes over-bleaching in some cases ; the 
oxygen which does the bleaching is produced too rapidly 
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and in some cases oxidises the cellulose of the fibre. The 
oxides of copper, iron, cobalt, manganese, and chromiunrf 
were found to accelerate the evohition of oxygen from 
bleaching-pow^er solution, whereas the oxides of zinc and 
magnesium wei£ inactive ; and it is also known that these 
oxides behave in a like manner as regards the production 
of oxygen on heating with potassium chlorate. The 
analogy was well ^brought out in some cases. For 
instance* during the Action of manganese dioxide oif 
bleaching - powder solution the solution became , wlet 
o^ing to'the formation of permanganate, and it is kn#\vn 
that during the* heating of potassium chlorate with man- 
ganese^ dioxide a violet colour is sometimes noticed. 
Again, with chromic oxide bleaching-powder solution gave 
off a mixture of oxygen and chlorine, a chromate being 
formed in solution, and it is known that chromic oxide 
causes the evolution of some chlorine on adding to heated 
potassium chlorate, the mass also turning yellow owing 
to *the production of chromate (Higgins, Journ. Soc. 
Dyers and Col, 1912, 28, 30). 

Elledge (Journ. Ind. Eng. Chem ., 191 G, 8, 780) states^ 
that the pink colour of hypochlorite solutions is not due to 
ferrates, as previously stated, but to the presence of 
permanganates. 


Bleaching a Unimolecuhir Action 

It has been stated above that hypochlorites bleach 
because they give up oxygen directly, and in the case of 
weak solutions this was proved because the action could 
be represented by the statement 



— = approx, a constant. 
a-x 1 


In support of the above conclusion we have the follow- 
ing observations : Lewis (Chem. Soc. Trans., 1912, 101, 
2371) found that the evolution of oxygen from hypo- 
chlorite solutions under the action of light waft a uni- 
molecular action; Bell (Zeit. cflnorg. Chem., 1913, 82, 
145) showed the decomposition of bleaching - powder 
solution by small quantities of cobalt „ nitrate was a 
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unimolecular action ; Lemoine {Bull. Soc. Chem., 1913, 
{iv.], 13, 5) found that the decomposition of dilute solu- 
tions of hydrogen peroxide on heating was practically a 
unimolecular action; and- L-' 'Vallery ( Comptes Rend., 
1916, 326) states that very dilute £olutions/6f hypochlorites 
dc^ftupose slowly, the velocity of decomposition being 
apparently represented by a portion of an equilateral 
hyperbola. 

\ 

4 

fy>\4ctio7i of Neutral 'Salts on Bleaching Solutions 

It was 4‘own (Higgins, Chem.* Soc. Trans., 1912, 101, 
222; 1911,99, 858; Jorum. Soc. Chem. bid ., 1T13, 32, 
350; Journ. Soc. Dyers and Col, , 1913, 29, 85-89) that 
neutral salts had an effect in stimulating the bleaching 
action of hypochlorite solutions, but that this effect was 
small. Thus sodium chloride, sulphate, and nitrate stimu- 
lated the action of sodium hypochlorite on boiled linen 
cloth ; sodium sulphate increased the bleaching efficiency 
of potassium hypochlorite, and sodium fluoride and calcium 
^nitrate had a like action on bleaching-powder solution. 
It was also found that the presence of sodium chloride, 
sulphate, and nitrate all had an accelerating influence on 
the oxidising action of potassium permanganate on oxalic 
acid and its bleaching action on linen cloth. Experiments 
were performed to ascertain the effect of neutral salts on 
solutions of the hypochlorites of sodium and calcium 
during the bleaching of dilute solutions of the following 
dye-stuffs: methyl orange, a basic blue, alizarine 
sapphirole B and acid violet II W. It was found that 
r sodium chloride, sodium fluoride, calcium chloride, barium 
chloride, and potassium bromide all had a stimulating 
effect on the bleaching action of the hypochlorites. In 
each case it was noticed that the action of the neutral 
salt was a sudden one ; on allowing the solutions to stand, 
the solution containing no neutral salt gradually became 
fainter and fainter in colour, then colourless, while the 
solution containing the neutral salt was still faintly 
coloured. This was a remarkable observation and will be 
referred to lat^r, but here it is interesting to mention that 
B. Fraas ( Papierfabr 1910, 8, 62) had noticed in some 
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tests comparing electrolytic bleaching liquor with bleaching- 
powder solution that the former, which contained a large 
excess of sodium chloride, was a m\ich more active bleach- 
ing agent thafo the bleachmg-powder solution at the com- 
mencement of the. action, but that the latter acted the more 
rapidly after this initial effect. 

Other neutral salts were tried and sometimes gave 
peculiar results. Pt>£ instance, sodium nitrate stimulated 
the actibn of bleachin^powder solution on the basichlrte 
dye-stuff but retarded its action on the alizarine sapqmirole 
hLuntil *a reddish colour was produced, after which «tage 
ah acceleration*was infticed. # 

Usfng chlorine water as the bleaching agent instead 
of hypochlorite solution, the following results were 
obtained : 


Salt added. 

• 


l)\ C Ml 

KC. 


Methyl Orange 

1 llftHic Ulue 

All/ Sapplniole. 

1 

Acid Violet 1IW. 

Sodium chloride . 

Acceleration 

■ Acceleration 

Acccdeiation 

Acceleration 

Calcium chloride . 

do 

! do. 

do. 

do. < 

IIyi.:'*ch)onc and ' 

do. 

No effect 

Retaliation 

do. 

Meivo-c chloride 

Faint acceleration 1 do. 

No effect 

No clToct 

Sodium lluonde . 

No e fleet 

• 

Retardation 

Keturdation 

Retardation 


Using hypochlorous acid instead of the chlorine water 
very similar results were obtained, thus supporting the 
statement (Higgins, Cheru. Soc. Trans. , 1912, 101, 222) 
that chlorine water probably owes its bleaching properties 
to the presence of hypochlorous acid in solution. 


The Action of Chlorides in the Bleaching Process 

It has been shown above that chlorides stimulate »the 
bleaching action of hypochlorites, chlorine water, and 
hypochlorous acid ; that chlorides stimulate tlje action 
of hypochlorite solutions had previously been stated by 
Knecht. 1 This action of chlorides was further investi- 

i 

1 Manual of Dyeing, Knecht, lUwson and Loewenthal (0. Griffin k Co., London). 



60 


BLEACHING 


gated. As from the tests described above it is seen that 
chlorides acted upon chlorine water in precisely the same 
manner as they did bn hypochlorous acid, and since 
chlorine water is Anstable in ear and difficult to estima^' 
quantitatively, the tests were performed with hypochlori " 
acifMind hypochlorite solutions only. The effect* A 
adding common salt to a solution of potassium hypo- 
chlorite used for bleaching well-scbnred linen cloth is 
shown in the following table (Jourt i. Sci Dyers dnd Col. y 


29, 85) : 

Potassium Hypochlorite . 
Alcaic. , + Salt. 

Original 

5-55 

5 -59? 

After 15 mins. 

48 

4-6 

„ 30 ,, 

46 

4*35 

„ 45 „ 

4-4 

42 

„ 00 „ 

435 

41 

„ 3 4 hours 

3*65 

3*45 

„ 40 „ 

1*25 

105 


* The exhaustion of the baths was tested by withdrawing 
1 small samples at the intervals stated, adding potassium 
iodide and hydrochloric acid, then titrating with deci- 
normal sodium thiosulphate solution. It is noticed that 
tl e stimulation produced by the common salt occurs 
entirely during the first fifteen minutes of the action, 
after which period there is a steady parallel action in the 
two solutions. 

Higgins ( Joum . Soc. Chcm . Ind., 1911, 185) pointed 
out that the addition of chlorides to hypochlorite solutions 
Jiad but a small effect under actual industrial conditions 
« of bleaching, but in some cases, on a laboratory scale, the 
effect is apparently large, as judged by the appearance 
of the bleached cloth. On allowing the action to proceed, 
this sudden initial effect is seen to be of little consequence. 
Ricci (Joum. Soc. Chcm. Ind., 1915, 714) combats the 
statement of Cattania and Ranucci ( ibid ., 1915, 489) 
that cotnmon salt has a large effect on the stability of 
sodium hypochlorite solutions, but these workers have 
apparently been investigating hypochlorite solutions 
prepared by different methods. 
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Further testa gave the following results : 

Ble*ching-powder Solution. 

• ' Alone. +C*1. Chloride, 


Original . « • 

42 • 

42 

After 5 wins/ . , 

39 

3*7 

„ io • 

3-7 

3*5 

„ 15 „ . 

3 55 

3 35 

„ 30 „ * . 

335 

3T5 

•„ .labours .• 

295 

2*75 


These figures show in a remarkable manner that# the 
initial stimulation Inis no etFeet on the # subsequent 
action. * • 

With hypochlorous acid as the bleaching agent the 
following results were obtained, again using well-sccmred 
linen cloth in the bleaching solution. 


Original 

Hy 1 »<h 
Mono. 

2 8 

hloiuuH And, 

-f- Sod. Chlnrido 

2*8 

After 15 mins. . 

1 9 

1*3 

„ 30 „ 

1G5 

105 

„ 7 5 „ 

1 3 - 

*7 


Again it is noticed that .the effect of the chloride is an 
immediate one, after which it has no further effect. 

To explain the stimulating action of chlorides Iliggins 
put forward V. Tiesenholts equation ( Journ . jn\ Chcm. t 
1906,73,301): 

IIOCl + NaCl -2Cl + NaOII. 

In the case of hypochlorous acid the production of tha 
nascent chlorine gives a sudden stimulation to the 
bleaching action, but when a new position of equilibrium 
is produced the action ceases ; the bleaching action of 
the hypochlorous acid is then due to oxygen directly 
produced : 

HOCl-HCl + O. 

In the case of hypochlorite solutions it is known that 
they contain free hypochlorous acid, because Taylor [Journ. 
Chem. Soc ., 1910, 97, 2541) found on passing air free from 
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carbon dioxide through them hypochlorous acid was 
driven out of solution. On adding chlorides to these 
solutions during bleacHing the stimulation caused is due 
to the production bf nascent chlorine, thus : f 

2IIOC1+ CaCl 2 = Ca(0H) 2 + ’4C1. 

But this reaction results in the production of free lime, 
\^hich, as it accumulates in solution reacts along jvith the 
otflV lime present and tends to reverse the above action. 
Before the addition of the chloride the bleaching-powder 
solution already contained calcium hypochloriteS^leium 
chloride, hypochlorous ac^d, and calcium hydroxide in 
a state of equilibrium, and the addition of more calchim 
chloride results in a new state of equilibrium being estab- 
lished at the expense of the generation of some chlorine. 
‘The production of nascent chlorine accounts for the stimu- 
lation of the bleaching action, and the fact that equilibrium 
is soon again established accounts for the observation 
that this stimulating elfect is a momentary and nof a 
continuous one. 


The Bleaching Action of Chlorine Water and of 
Hypochlorous Acid 

Chlorine acts on water in the following manner, 
according to Jakowkin (Z. Phys. Chan., 1899, 29, 613) : 

Cl a Aq+H a O^(HCl+IIOCl)Aq, 

the action being reversible. Chlorine water was found 
^Higgins, Chan. Soc. Trans., 1912, 101, 222) to have a 
• feeble bleaching action on the colouring matter of linen, 
and it therefore seemed probable that the bleaching power 
of chlorine Water was due to the presence of hypochlorous 
acid in its solution. 

‘On adding boric acid to bleaching-powder solution 
lfypochlorous acid is liberated, as can be proved by 
distillation, whereas on adding hydrochloric acid chlorine 
is evolved. Using the •solutions prepared in this way as 
sources of hypochlorous acid and of chlorine water, Higgins 
( Joum . Soc. Dyers and Col., 1913, 29, 85-89) showed that 
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the solution containing the boric acid had a far more 
energetic bleaching action on the colouring matter o& 
lin6n than the^solution containing the hydrochloric acid. 1 
On n6w dividing the solution, containing* the free chlorine 
into two parts and- to one adding powdered calcium 
carbonate, it was found that the addition of the carbofcs**r 
greatly increased the bleaching properties of the solution. # 
Taking chlorine water- as a mixture of hydrochloric acid 
and hypochlorous acid* in equilibrium, the carbona^ 
would act on the hydrochloric acid and thus give the 
hydrochlorous acid freedom to act.. # 

/ITnrtneaehing action of hypochlorous acid can only be 
due to oxygen directly produced*: 


IIOC1 = 1101 + 0. 


The bleaching action of hypochlorite solutions has also 
been shown to be due to the direct production of oxygen 
and, in the case of the addition of chlorides, to a small 
amount of nascent chlorine initially produced by the 
action of the chlorides on free hydrochlorous acid present 
in the hypochlorite solution. 

The addition of acids and alkalis uyaal lv affects the 
bleaching properties of hypochlorite solutions. Also on 
adding small .quantities »f sodium carbonate and of 
sodium bicarbonate to sodium hypochlorite solution a 
slightly decreased bleaching efficiency was noticed 
(Higgins, Journ. Soc. Dyers and Col, 1914, 30, 326). 
The oicarbonate had less effect than tlfe carbonate. The 
introduction of hydroxyl ions in each case hindered the 
hydrolysis of the hypochlorite, and thus diminished the 
amount of free hypochlorous acid in the solution. By * 
cautiously adding small amounts of hydrochloric acid the 
production of hypochlorous acid was assisted and the 
bleaching effect of the solution largely increased ; by 
adding lime and sodium hydroxide a steady retardation 
of the bleaching action was caused, but even a large 
quantity of the latter did not conudetely inhibit the 

1 On testing the effect of these two solutions onjiifffrent dye. stuffs, however, the 
tttno conclusion could not always be drawn. T nun alizarine sapphirole was tho 
more affected by the solution containing the boric acid, but cloth dyed with indigo 
and turkey-red waa more rapidly attacked by the solution containing the excess 
of hydrochloric acid. * 
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action. Reviewing the whole of these observations, 
Higgins ( Journ . Chem. Soc ., 1913, 29, 302) pointed out 
that bleaching -powdet solution to which.an excess* of 
boric acid had b(fen added h$d e very enerj^tic bleaching 
action on the colouring matter^ of • scoured linen cloth, 
Jprwuse the boric acid merely liberates* hypochlorous acid * 
.from the hypochlorite, whereas an excess of hydrochloric 
acid produces free chlorine and- a solution of weak 
inching properties. If, however, calcium carbonate be 
adaed to the latter solution, hypochlorous acid is regener- 
ate^ and the bleaching pcoperties restored. The addition 
of hydroxides to hypochlorite solutions opposes"* Jhe 
hydrolysis of the hypochlorite and retards the bleaching 
action, whereas the cautious addition of small quantities 
of •mineral acids assists hydrolysis and stimulates the 
bleaching action ; the effect on the bleaching properties 
of the solution is due to the active mass of the free hypo- 
chlorous acid present being in the one case reduced and 
in the other augmented. Even in the presence of a ljirge 
excess of hydroxide the solutions have a small bleaching 
effect, probably owing to a small amount of hypochlorous 
* acid being still present. 

C. Beadle and II. P. Stevens (Journ. Soc. Chem. Ind ., 
1914, 33, 727), referring to the above researches, state: 

“ Quite a number of papers have recently been published 
on the subject of the relative bleaching efficiencies of the 
hypochlorites. The conclusions arrived at, in most cases, 
are in our opinion most erroneous. First of all, there 
has only been one kind of material experimented upon, 
aud another material might have led to quite a different 
c older of so-called efficiencies. Secondly, the relative 
efficiencies have been expressed as chlorine consumption 
per unit of weight of raw material on the assumption 
that the same bleaching effect is always accompanied by - 
the same chlorine consumption, the higher the figure in 
unit time the greater the so-called efficiency. As a fact, 
c the reverse is the case. The relative efficiencies of all 
hypochlorite solutions should be judged by the amount 
of chlorine consumed *per unit of effect, and the smaller 
the chlorine consumption the greater the efficiency. Thus 
the solution "'produced by the Hermite electrolyser was 
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* 

found to be much more effective' than the ordinary 
bleaching powder^ solution, because the chlorine con f 
sumption pei\unirof bleaching effect yas so much less 
than with ordinary bleaching powder solution.” In the 
discussion on tne tfbovje p^per the importance of the 
observation (p. 54) that free chlorine had little 
on the colouring matter of linen was emphasised, and 
experiments on other fibres were promised. If some 
experiments on other natural colouring matters are 
performed (as carefully as the present author has investi- 
gated the action on the colouring matters of cotton *tnd 
lineup’tfien we win hope for progress in the/lirection of 
understanding what goes on during industrial bleaching 
actions. Cotton and linen were investigated because they 
are practically the only fibres with which the bleacher 
1ms got to deal. At any rate, it must be admitted that 
the other remarks in the above-mentioned paper do not 
help us at all. In every bleaching trial, which the present 
author has described, the colour of the bleached cloth was 
always considered before a conclusion was arrived at ; in 
every case the conclusion formed depended on thart 
colour. The introduction of such ^ya ffo e terms as 
“chlorine per unit of bleaching effect” was rigorously 
avoided because each test was treated as a definite 
chemical reaction and estimated as such. Fanciful 
properties were not attributed to different forms of 
“ active ” chlorine, because he had previously shown that 
such a position could not be defended, and that it was 
wrong to endow hypochlorites produced by electrolysis 
with marvellous properties (p. 73). 

The Bleaching Properties of the Hypochlorites of the 
Alkali Metals. 

The statement that the hypochlorites of the alkali 
metals possess different bleaching properties, the base to % 
which the hypochlorite is united placing an important 

J iart in the bleaching action, was foilid to be erroneous 
Higgins, Chem. Soc. Trans., 191^, *101, 222), at least, 
when solutions of these hypochlorites were prepared by 
the exact precipitation of bleaching powder* solution by 

F 
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the carbonates of the # alkali metals. Calcium hypochlorite 
Solutions were found tp be slightly more active than the 
hypochlorite solutions of the alkali metals prepared from 
it, because the carbon dioxide of the air precipitates the 
fre e lime from them, whereas, by. the action of the carbon 
^Roxide of the air on the other solutions, soluble carbonates 
• are produced, which remain in solution and slightly 
retard the bleaching activity. *If bleaching powder 
Wjition be precipitated by magnesium sulphate, the free 
lime of the solution is thrown down as magnesium hydrate, 
so that the supernatant liquid contains magnesium hypo- 
chlorite nigl no hydroxyl ions. «The magnesiumTTy^o- 
chlorite is therefore an extremely active bleaching agent, 
but this activity has no connection with the fact that the 
baSe of the hypochlorite is magnesium. 

The stability of hypochlorite solutions is discussed by 
M. L. Gritlin and J. lledalleu ( Journ . Hoc. Chcm. Ind . , 
1915, 34, 530). The sludge, after dissolving bleaching 


powder, contains— 


• 

Sludge. 

Onginal Bleaching 
Powder. 


Per cent. 

Per cent. 

Cat) v. . 

81 0 

965 

MkO 

5*5 

1*0 

l'e.,0.,, A1,0„, SiO, 

M3*5 

2*5 


Alumina and magnesia have no effect on the stability 
)f bleaching powder solution provided the latter has a 
10 per cent excess of calcium hydroxide; but ferric 
lydroxide rapidly reduces the availability of the solution 
'see p. 57). Both the alkaline earths and the alkali 
aietals give practically equally stable hypochlorite 
solutions (thus confirming the conclusions expressed above), 
with an availability above 98 per cent after three days’ 
standing. The stability depends on the excess of free 
Ukali, and this also applies in the case of the addition 
Df magnesia. The stability of bleaching powder solution 
depends very little on its concentration, and even high 
temperatures have * cry little effect on the availability. 

The stability of ^bleaching powder solution in air was 
discussed by Iliggins ( Cliem . Soc. Tram., 1911, 99, 859). 
The calcium carbonate deposited was weighed when it was 
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found to be produced from the calcium of both the free 
lime and the calcium hypochlorite After the fifth da£ 
of exposure ft no longer liberated iodinfc from potassium 
iodide. * * 

Original solution 10 c.c. - 10*55 c.c. thiosulphate.^ 

After 1 day’s exposure „ = 164 „ 

„ 2 days’ „ • „ =13 7 

„ 3* „ „ • 2-0 

The solution retained its greenish colour up to# the 
end of the second day* but then became e< Join less, de- 
composer rapidly, and was no longer alkaline to litmus. 
On making bleaching trials with the exposed solution, it 
was found that two days’ exposure did not appreciably 
affect the bleaching efficiency ; but after the third day the 
solution had very marked bleaching properties. These 
figures show that the method of exposing bleaching 
powder solution to air, in order to increase its bleaching 
efficiency, is not a good one, for by the time this purpose 
is achieved the liquid has lost a very large proportion of, 
its active chlorine. This procedure xcubrtiscd by some 
bleachers at one time, but abandoned fur the reasons 
stated. It was rcsuggesUxI by IT L . Taylor (Chan. Soc. 
Trans., 1910, 97 , 254 1), but later (Journ. Soc. Dyers and 
Col., 1917, 33, 246-250) he -suggests keeping bleaching 
powder solutions enclosed and away from the action of 
iight. 

A very active solution of sodium hypochlorite was 
produced by Higgins (Journ. Sue. Dyers and Co!., 191^, 
28 , 30) by precipitating bleaching powder solution by a* 
mixture of sodium carbonate and sodium bicarbonate. On 
adding sodium bicarbonate to a solution of calcium chloride, 
calcium hydrogen carbonate is first produced, but decom- 
poses, giving off carbon dioxide and precipitating calciuiji 
carbonate. If bleaching powder solution be substituted for % 
the calcium chloride the carbon dioxide evolved unites 
with the free lime in the solution, jjreJipitates it, add thus 
produces a very active bleaching li/juor. Only a very 
small amount of sodium bicarbonate is required along with 
the sodium carbonate. * 



68 BLEACHING 

The High Activity of Old Chernies 

When hypochlorites are used in bleaching they 'become 
reduced to chlorides, so that. there is an accumulation of 
this salt in old bleaching liquors, which will have some 
"Simulative action on these liquors as shown (p. 59). On 
.examining a sample of old liquor, however, Higgins (Journ. 
Soc. Dyers and Col. y 1912, 28, 30) found it contained 
(5»ly 5 per cent of calcium chloride, and bleaching trials 
showed that this small amount of chloride had practically 
no effect as a stimulant. *But these liquors were found to 
give a precipitate with lime water, ‘hence, by removing the 
free lime from bleaching pbwder solution used toieplenish 
the liquors, they would cause a great increase in the bleach- 
ing* action. J. F. Briggs {Journ. Soc. Chem. Lid., 1916, 
35, 78) states that old cliemics contain calcium bicarbonate 
in solution and calcium carbonate as a sediment. A ripe 
hypochlorite liquor is acid to phenolphthalein and basic 
to methyl orange. Such liquors are very valuable* for 
breaking down and eliminating impurities, but in the 
final chemie, where the object is to clear up the colour of 
a purified cellule, it is safer and more satisfactory to 
employ a more basic bath prepared with fresh bleach liquor. 

It is known that these liquors after being in use for 
some time become so active that caution is required in 
using them, and it is manifest that the increase in activity 
is cumulative. Suppose the accelerating effect caused by 
bleaching a certain weight of cloth be represented by 1 unit. 
The cloth, on being led into the solution, brings with it a 
definite amount of water, and, on leaving it, takes away a 
Ae’finite amount of the solution. This causes a dilution of 
the solution. Suppose the dilution be represented by a ; 
that is, after the bleaching of one lot of goods, say a 
day’s bleaching, the liquor is diluted to a owing to the 
water brought in. 

Theu we have : 

First day. Incrqise in bleaching effect = 1 unit, which 
is decreased to a by dilution. 

Second day = 1 -Rr. i.e. 1 unit -f first day’s effect 

Third day, = 1 -f a ( 1 -f a). 

Fourth day = l+a{l+a(l+ a)}. 
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A simple algebraic summation f shoe's that after the 
nth day the .increase in effect is : * 

?ith day = ~ — J m 

l — a 

Now if a - ~ then after the ninth day the increase in 

activity is represented by 5 units, and this increase may 
become as high as 11* units, at which stage the liqifrfs 
must be used with caution. But by regulating the value 
of a, safe bleaching can be assured, and the liquor* may 
never be run totwaste. • 

L. T. % Thorne (Journ. Soc. tlhem. lml., 1914, 33, 729) 
states that by introducing oxygen gas during the bleaching 
of paper pulp the consumption of bleaching powder cfluld 
be reduced from 30 to 50 per cent, and the oxygen of the 
air was said to also have a large effect. “Keeling” and 
circulating the chemic during the bleaching of textiles 
wonld have a similar effect, but there is also the action of 
the carbon dioxide of the air to be considered. 

The analysis of hypochlorite solutions is described* 
b) J. Clarens ( Ann . Chew. Amdyt., ^ 01 r f> 20, 81). All 
hypochlorite solutions contain chlorites, which react with 
hypochlorous acid to form # chlorates and chlorine peroxide. 
This accounts for the lower results (about 2/' ) obtained by 
Penot’s method of titration with sodium arsenite solution 
using starch-iodide paper a.s the indicator, as compared 
with those calculated from the amount of gas liberated by 
interaction with hydrogen peroxide, or by Mohr’s modifica- 
tion of adding an excess of arsenite and titrating w^th 
standard iodine solution. The author suggests the fallow* 
ing method. Add the arsenite required in Penot’s original 
method at once to the hypochlorite; the liquid will still 
give a blue colour with the starch-iodide paper, and the 
titration is completed with the standard arsenite until tjie 
paper ceases to turn blue. M. L. Griflin and J. Iledallen^ 

i Journ. Soc. Chan. Ind, 1915, 34, 530) found Penot’s and 
lohr’s methods gave concordant* msu Its which ^vere in 
every case about 0*6 per cent lowej than those obtained 
by Bunsen’s method of adding potassium iodide and acetic 
acid, then titrating with sodium thiosulphate solution. 
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K. J. P. Ort^n a^id W. J. Jones [Analyst, 190 9, 34 , 
&17) estimate tin alkalinity of bleaching powder solu- 
tions by adding 4 measured volume of N/l (/hydrochloric 
acid, passing a current of air through the solution until all 
the chlorine is driven off, then titrating the excess of acid 
'"'"Jrith N/10 sodium carbonate. The titre of the bleaching 
.powder solution with N/10 thiosulphate gives directly the 
volume of N/10 acid reacting with’frhe hypochlorite, the 
alkalinity of the solution being represented by the difference 
between this and the total volume of the acid used up. 

\V. Mcstrezat (J. Pharm . Chim ., 1919, 20, 9-14) 
determines the free alkali and* alkali carbonate 4n 
hypochlorite solutions by 'adding sodium thiosulphate to 
destroy the hypochlorite, then titrating the alkali and 
alkali carbonates directly. 

It is interesting here to note the conclusion of hi. 
Justin-Mucller [J. Pharm. Chim., 1919, 20, 113) that 
alkali hypochlorites and bleaching powder have similar 
chemical formulae, a conclusion formed after observations 
on the reactions of these bodies, and the statement of 
A. II. Meld rum [Journ. Soc. C/mm. Ind., 1919, 80) that 
bleaching powder U more rapidly dried in desiccators by 
means of alkaline agents such as sodium hydroxide or 
basic calcium chloride, the tendency of bleaching powder 
to lose available chlorine being much reduced by 
desiccation. Bleaching powder loses chlorine in addition 
to water during the drying process, and this chlorine is 
absorbed by the alkaline drying agents. 


Bleach in (j Agents and Antiseptics 

During the war hypochlorites have been found very 
efficacious as antiseptics, and Higgins [Journ. Soc. Dyers 
and Col., 1918, 34, 189) shows that all the hypochlorite 
mixtures which have been used he had previously used as 
pleaching agents. Lorrain Smith, Drennan, Rettie, and 
Campbell (Brit. Mid. Journ., July 1915) state that 
“ hypoehlorous acid lis rU more effective antiseptic than 
hypochlorites, and, Vs already arrived at by various 
investigators, it is the most powerful antiseptic known.” 
It had previously been shown that it is the most 
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powerful of bleaching agents (Jounft SoL Dyers and Col, 
1914, 30, 326-328). H. D. Dakin (Bm. Med. Journ 
191 5 ; 2 ; 318/ descjibed an antiseplic solution containing 
sodium hypochlorite and sodium bicarbonate, which 
mixture had previously been used for bleaching (Jour % n. 
Sac. Dyers and Col. , 1912, 2 * 8 , 30. See p. 67). A mixture 
of bleaching powder and boric acid has also been used (see 
Rettie, Journ. Soc. Chem. fnd ., 1918, 37, 23) as an anti- 
septic, and had previoiwly been used as a bleaching agy^ 
(Higgins, Journ. Soc. Dyers and Col. , 1914, 30, 257-261. 
See p. 63). By adding boric, acid to electrolysed salt 
water an antiseptic o£ great, power would be obtained, 
besides having a cleansing effect in wound treatment, 
because of the undeeomposed salt it contained, d. J. Rettie, 
J. L. Smith, and J Ritchie (Journ. Soc. Chum, fnd., 1 fil 8 , 
392, R) suggest mixing freshly ignited quicklime with 
bleaching powder intended for export to hot countries, since 
in this way the loss of available chlorine is largely avoided 
and the formation of calcium chlorate inhibited. It is 
known that the addition of hydroxides to hypochlorites 
increases their stability, and in the case of bleaching 
pnvder this fact is also expected to hold, sjpee the powdei* 
is hygroscopic; but it must also be femembered that the 
addition of hydroxides, wjnle increasing the stability, also 
decreases the bleaching properties of hypochlorites, and 
also, from what has been stated above, the addition de- 
creases the antiseptic properties. The lime which is added 
to the bleaching powder could nut be separated when it 
has served its purpose, and the solution produced would 
have weaker bleaching and antiseptic properties because 
of the presence of the lime. 

The addition of bicarbonate of soda to bleaching liquor 
ha 3 recently been suggested by . 1 . IT Mamlwaine (Eng. 
Pats. 28911 and 6317). The idea is to impregnate the 
cloth with a solution of sodium bicarbonate and then run 
it into the bleaching powder solution. Higgins (Journ. 
Soc. Dyers and Col., 1912, 28, 30) had shown that, Irp 
adding sodium carbonate mixed with a little bicarbonate 
to bleaching powder solution, tlfe Supernatant liquid was 
a very active bleaching agent (p. 67), and if this reaction 
takes place on the cloth the great bleaching effect will 
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result. At the damqr time, however, calcium carbonate 
v^ill be deposited on the cloth, and this insaluble matter 
will have to be eliminated by treatment with acid’. * Now 
suppose the cloth be run through weak hydrochloric’ acid 
instead of the bicarbonate solution. The result will be 
^--exactly the same, with the additional advantage that no 
insoluble calcium carbonate will be produced, requiring 
# acid to eliminate it. This is an old method of procedure 
awmg bleachers, and, carefully performed, it h preferable 
to the newly described one. 

M. Freiberger ( FarbeV'Zeit ., 1919, 30, 89-94) describes 
a number of experiments on the bleaching of cotton cloth 
with various/ bleaching agents, and arrives at *the con- 
clusion that the addition of sodium carbonate to bleaching 
powder solution has, up to a certain limit, a beneficial 
effect on the bleaching action of the solution. This state- 
ment, however, is not in accordance with experiments 
described above, which show that the addition of sodium 
carbonate to sodium hypochlorite solution has a small 
retarding effect on the bleaching action of the latter 
solution, for the introduction of hydroxyl ions hinders 
the hydrolysis^of the hypochlorite and thus diminishes 
the amount of hypoehlorous acid present in the solution. 
His statement that the replacement of calcium by sodium 
hypochlorite produces a less energetic bleaching action is 
not in accordance with the results described, for if the 
calcium be exactly precipitated by sodium carbonate 
the bleaching’ liquor obtained has bleaching properties 
identical with those of the original bleaching powder 
solution. Freiberger again states his preference for 
warm hypochlorite solutions, which, he says, give more 
permanent whites, and if used strong, deposit calcium 
carbonate in a fine powder instead of the crust produced 
by cold solutions, llis work seems to indicate that from 
a few laboratory experiments he attempts to make broad 
generalisations to affect the whole bleaching industry, 
flis conclusions, however, should be taken cum grano 
salis. 



CHAPTER VIII 

HYPOCHLORITKB PRODUCE!) BY ELECTROLYSIS 


Alkalinity of fled roh tic liquor^- Companion with bh-achmg jui\uh*r ndful ion 
— Methods of lift Teasing t lie active » hlornu- stu-ngth- Otlnr nu*tho<ls 
of oduction. 

By the electrolysis of common salt solution hypochlorites 
are now prepared. The first products of the electrolysis 
are sodium and chlorine, then the sodium reacts with the 
water to produce hydrogen and caustic soda, and the 
chlorine reacting with the caustic soda produces chloride 
and hypochlorite of sodium. The hydrogen is evolved, 
and in some electrolysers this evolution is used to pro- 
di“e the circulation of the electrolyte. ./With perfect* 
circulation a neutral product would 1 unexpected ; actually, 
however, the resulting solution is always slightly alkaline, 
because the caustic soda produced is completely retained 
by the solution, whereas some of t lie chlorine, which 
unites with the caustic soda to produce substances of a 
neutral reaction, escapes. The better the circulation in 
the electrolyscr, the more the chlorine is retained and the 
less the alkalinity of the solution. 

Many outrageous statements have been made concerto* 
ing the properties of electrolytically-prepared hypochlorite 
solutions, the active chlorine of which is endowed with 
fanciful properties, which arc often described but never 
proved ; and in spite of work carefully conducted to show 
the fallacy of such contentions, these ideas have been re- 
tained up to quite recent times. For instance, C. Beadle • 
(Joum. Soc. Chem. Ind 1908, 264) states that 3 lbs. of 
chlorine in the case of Hernute liquor* is equal in bleaching 
effect to 5 lbs. of chlorine in the cas^ of bleaching powder, 
the rate of efficiency being therefore 3:5. • 
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, The present Author was at one time much impressed 
^ith the idea ol making bleaching soJutioijfe by electro- 
lysis, and he obtained an electrolyser qjf the best type hr 
experiment. After many •months' working, to give it a 
fair trial, this electrolyser is now idle. The attention 
required was far greater than in the case of dissolving 
bleaching powder, and no economy was recorded (Higgins, 
Journ. Soc. Chem. hid., 1911 , 185 ). Elcctrolytically 
prepared sodium hypochlorite was found to he almost 
identical in its properties with bleaching-powder solution. 
There was no appreciablc.difference in the stability in air 
on prolonged agitation or on acidifying. ]y aterial bleaclkal 
by it showdd no difference in appearance or *in tensile 
strength, nor did the rate of bleaching exceed that of 
bleaching-powder solution. As regards the relative costs 
of the two bleaching solutions, everything depends on the 
cost of salt and of current at different works. In some 
districts the cost of the salt alone might be as high as the 
total cost of the bleaching powder the electrolyser seeks 
to displace ; and similarly a high cost of current would 
place the method of producing bleaching solutions out of 
* consideration. v 

J. Ik C. Kershaw "(Journ. Soc. Chem. Ind., 1912 , 31 , 54 ) 
states that “the reason the electrolytic method of producing 
hypochlorites has not been adopted by the large and im- 
portant bleaching interests of Lancashire and Yorkshire 
is made apparent when one studies the tabular statements 
of comparative costs and effects deduced by Higgins ( loc . 
cit.) froln the experiments made with various forms of 
bleaching solutions. It is now generally recognised that 
fli'ere is but slight difference between the bleaching effects 
obtained.” Allan Smith {Journ. Soc. Chem. Ind., 1916 , 
281 ) states: “I have made a very exhaustive test on a 
big scale, in which many tons of material were bleached 
at the same time, one by a solution of bleaching powder, 
arid one by sodium hypochlorite prepared by an electro- 
•lyser, and I found the same or practically identical results 
in botlu cases.” Roseoe and Lunt found on electrolysing 
sea water that the hypochlorite decomposed rapidly. This 
decomposition was ev dently caused by the weak solution 
oxidising the» impurities of the sea water, for stronger 



HYPOCHLORITES ( 


solutions dik not decompose so rlpidly, nor did wealf 
ones made % diluting strong one^ witlj distilled water. 
Doninelli (Rev. Gey mat. Cot. t 1911, 15, 341) found th^u 
hypochlorites produced by, electrolysis were often strongly 
alkaline. In such cases the circulation in the electrolyser 
must have been very poor, the chlorine gas escaping in- 
stead of reacting with the caustic soda. A. A him (Papier 
Zeit., 1908, 33, 8341 ‘concludes that the only difference 
between electrolytic liquor and ordinary bleaching liqiuw 
is the slightly more rapid action of the former ; the con- 
sumption of chlorine for a given .amount of bleaching work 
done is very sli^itly lower on this account. It is sliown 
on page f>9 that chlorides give a slight stilnulation to 
the bleaching action of hypochlorites, a fact which was 
first observed by Kneeht ; and as electrolytic bleaching 
liquors contain a large amount of unaltered chloride there 
is in some cases a momentary stimulation on this account. 

The claim that goods bleached by hypochlorites pre- 

f mrid by electrolysis do not. turn yellow in stock cannot 
)e upheld, bocau*e, as shown on p. 30, this deterioration 
is not due to a deficiency in the bleaching agent, but to 
iii'fiieient scouring. Bleachers object, tliajf electrolysers* 
do not yield solutions strong enough lbr some of their 
work. By adding lime uud calcium chloride to the salt 
solution during electrolysis it is claimed that a liquor con- 
taining more hypochlorite is produced, but in this case 
one of the advantages of sodium hypochlorite, namely, 
absence of lime salts, is lost. # 


Beltzer (Z. ainjnc . C7/c//?., 1907, 22, 8-14) usi& strong 
brine solutions for electrolysing, because the conductivity 
of the solution increase* with the concentration ; and 
order to increase the stability of elect rolytindly prepared 
hypochlorite solutions, F. W. Alexander (Lancet % Jan. 18, 
1908) adds magnesium oxide (or hydroxide). Being in- 
soluble it does not cause strong alkalinity as caustic 
soda does. 


F. D. Toyne (Journ. Sor. Ch<>m. hid 1912, 31, 477) • 
uses hypochlorites prepared by electrolysis for tl*i treat- 
ment of impure water, in order to prevent the staining of 
textiles by chromogenic organism^ harmful moulds, or 
algae. 
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, Various attempts have been made to .'increase the 
strength of the hypochlorite produced by electrolysis by 
adding substances to the solution during electrolysis. 
P. H. Prausnitz (Z. Elektwxhexn 1912, 18, 1025) recom- 
mends the addition of chromates as the best protection 
against reduction; for a high concentration of hypochlorite, 
with a good current efficiency, it is best to add both 
chromate and Turkey-red oil, which' cubstances give better 
results than calcium chloride and resin. By this method 
a concentration of 62 grins, of active chlorine per litre 
can be obtained from a. 5 N salt solution. The use of 
Portland cement for the cells is recommended. F. Foerster 
(Chem. hut. , 1911, 34, 373-378, 402-413) adds calcium 
chloride or alkali chromate to the electrolyte, and also 
some alkali, to counteract the absorption of carbon dioxide. 
Sometimes calcium chloride and hydroxide and resin soap 
are added to the liquid to form the cathode diaphragm. 
He states that installations for separating the caustic soda 
and the chlorine to produce caustic soda and bleaching 
powder separately cannot lie profitable if they produce 
less than 5000 tons of the latter compound per annum. 

Siemens Snd Ilalsko, after careful experiment, have 
come to the conclusion that the direct manufacture of 
hypochlorites in electrolysers U not the best way of pro- 
ducing hypochlorite solutions. By means of the Billiter 
cell they produce the caustic soda and chlorine separate 
and then mix them to give the hypochlorite solution. 
This they regard as a far better method. The Billiter 
alkali-elflorine cell is described by A. J. Allmand ( Faraday 
Soc ., Nov. 1912), and is stated to have the lowest energy 
Consumption per ton of product of any cell now working 
on the large scale. Impure brines may be used without 
filtering, and the concentration of the alkali is from 12 to 
16 per cent. V. Engelhardt (Chem. Zeit., 1911, 35, 573- 
574, 582-584) discusses the types of plant used for pro- 
ducing caustic soda and chlorine ; of the diaphragm, the 
’gravity or “bell” apparatus, and the mercury cathode 
plant, only the last named produces an alkali solution free 
from salt. Of the diaphragm type the Billiter is notable, 
and its advantage oVer bleaching powder begins when 
power costs less than 0'4d. per kilowatt-hour. W. Ebert 
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(Papierfabr , lSfll, 9, 305-308) describes the electrolytic; 
production of caustic soda and chloripe. The salt solution 
is distributed uniformly by pipes through the covers int6 
the anode chambeis of the # elecfc~olytie cells. The chlorine 
gas evolved is used to make bleaching liquor or bleaching 
powder, the hydrogen gas is allowed to escape or is 
collected, and the caustic soda is separated from the salt. 
Per kilo, of active cl loriue 3 kilos, of salt are consumed 
(or 16 kilos, of the sa*!t is separated from the caustic 
soda) against a consumption of 5 kilos, of salt in the pro- 
duction of hypochlorite in an eleatrolyscr. As regards the 
production of sojlium liypochlorito from caustic soda and 
chlorine, \\ Cat tania and C. Kanucci (Annuli Cnrm. Apph. y 
1*315, 3, 161-164) make sodium hypochlorite solution 
(28 B, sp. gr. 1*241) by the interaction of chlorine ard 
caustic soda m an absorption tower, and find it usually 
contains 8*1) per cent of available chlorine, but rarely 
10 per cent. The authors prepared solutions up to 1 77 per 
cent* by bubbling chlorine into caustic soda solution of 
28 B contained in a stoneware vessel provided with an 
agitator and placed in a tank of cold water, but when the 
concentration readied 177 per cent, separation of sodium* 
chloiide commenced. The hypoclilj/itc then gradually 
decomposed on allowing th® solution to stand, but the solu- 
tions maintained their strength when the sodium chloride 
was removed as soon as it separated. 

In connection with hypochlorites used for bleaching 
the claim (Drutsrh. Sulvay- II V/7»c Art. ( Ger. Pat. 
306193, 1916) for producing a dilute bleaching liquor 
by passing chlorine into sodium carbonate solution, then 
adding more sodium carbonate, is of interest, and al&y 
the production of a high-strength bleach by the reaction 
of steam and chlorine at about 100 0. to give hydro- 
chloric acid and hyjKichlorous acid, the former being 
removed by condensation and the latter by absorption 
in caustic alkali (K. P. M‘Elroy, U.tt. Pat. 126 1572, 
1918). 



CHAPTER IX 

CELLULOSE AND 'WATER 

Effect of lulling water — Effect of* caustic wxla — Attraction of moisture and 
of dye-Htulfs- Cellulose hydrates — Effn’t of drying cotton — ColloMal 
nature of cellulose. • 

lx was shown by J. I Iiibner and W. J. Pope ( Journ . Soc. 
Chem. lnd 1903, 22, 70) that, on boiling cotton for 
12 hours in water, its power of attracting direct cotton 
dye-stuffs (benzo-purpurine, 4 B) was increased, whereas it 
took up less basic dye-stuff (methylene blue). This effect 
was more accentuated by heating with water in a sealed 
tube at 150° C. Mercerised cotton acted in a similar 
'manner; on foiling for 48 hours with water, the cotton 
gave at least twice as, strong a dyeing with benzo-purpurine 
4 B. These results sfiow that cotton is altered by the long 
boiling it is given in industrial bleaching. They also 
showed that boiling with alkaline solutions increased the 
tensile strength of cotton yarns. This observation will be 
referred to latter, but it must here be pointed out that other 
factors *re introduced than the change in the cellulose 
itself. In fact, to compare the effect of bleaching on the 
cellulose, the fibres alone would have to be considered. 

Tauss (Journ. Soc. Chem. hid., 1889, 93; 1890, 883) 
found that purified cotton cellulose digested with solutions 
of sodium hydroxide (3 per cent Na 2 0) three times in 
succession was attacked and converted into soluble pro- 
ducts in the following proportions, increasing with the 
■ temperature of digestion : 

• , 3 per cent Na^O. 8 per cent Na,0. 

1 ntnjos. pres. . 12 1 per cent. 22 - 0 per cent. 

5 „ . f,5-4 580 „ 

10 „ . 203 „ 59 0 „ 
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a kfiowu that cotton heated with water to 
s carbon dioxide, foruyc acid, pyrocatechin, 
glucose/etc. C. G. ‘Schwalbe (Chem. Zeit., 1910,34, 55/) 
states' that only celluloses whiah contain oxycellulose show 
the property, described 'by Tauss, of yielding hydro- 
cellulose on heating under a pressure of 20 atmospheres. 
Pure normal cotton cellulose sutlers but a very slight 
hydrolysis. At to m pm t urea above 100" C. dehydration 
appears to take place, tjie u hydration value ” decreasing, 
with increase of temperature. The proportion of products 
soluble in water increases only .very slowly with increase 
of •temperature up to U4) C., but it increases very rabidly 
alxive that temperature. On heating with sodium 
hydroxide under pressure the cupric -reducing power of 
the cellulose, which appears under the action ot sodium 
hydroxide at temperatures below 100 C., disappears when 
the concentration ot the lye is 1-2 per cent ; with lyes 
of higher concentration (3-5 per cent) the cupric-reducing 
pow**r does not disappear until a temperature of 135 C. 
is reached. The degree of hydrolysis as expressed by the 
cupric-reducing power is a maximum with a 4 per cent 
lye, lyes of 3 per cent and of 5 per ccnt#both having 4 
a weaker action. The solubility o^ cotton cellulose in 
sodium hydroxide at the ordinary temperature decreases 
as the concentration of the lye increases, and this is also 
the case at 100 C At a temperature of 1 50" O. the 
solubility in lyes of 1 -5 per cent ranges from 5 to 7 per cent. 
Above 150 C. the solubility of cellulose lycreases with 
extreme rapidity. 1 he temperature ol 150 C. •may be 
regarded as the decomposition temperature of cotton 
cellulose. Relatively, the solubility of cotton cellulose 
is lowest in 5 per cent sodium hydroxide and highest in 
the 4 per cent solution. As m the case of water, sodium 
hydroxide also appears to produce dehydration at tempera- 
tures above 100 (\, since the “ hydrolysis value ” decreases 
with increase of temperature. Egyptian cotton appears 
to possess a higher “ degree of hydration ” than American 
cotton. Schwalbe and M. Robinolf (Z. anyiv..Chem. t 
1911, 24, 256) also found that ‘Egyptian cotton gave 
much lower “copper values” thyi American cotton. 
M. Robinoff ( Papierfabrikant , 1912, 10 , % 968) states 



so - Bleaching 

that cellulose which has become modified in industrial 
bleaching processes possesses totally different properties 
ftom normal cellulose. Normal celkilose is extremely 
resistant and is only slightly modified when boiled’ with 
water under pressure, but cellfilose which has been sub- 
jected to boiling and bleaching 'processes is very consider- 
ably attacked by boiling water under pressure, especially 
' at temperatures above 150° C., andjs completely broken 
flown to hydrocellulose when digested under a pressure of 
20 atmospheres. 


Cellulose and Moisture « 

Cross and Bevan found on drying cellulose in a current 
of carbon dioxide at 00° to 100 C. that the hygroscopic 
moisture (6-8 per cent) is rapidly driven off; on heating 
to 120’ C. a further 0‘5 per cent was driven off, and at 
180° C. a further 0*5 per cent. After a temperature of 
120' C. is attained, the loss is slow and probably due to 
decomposition. They maintain that the attraction for 
water is a property of the cellulose substance itself, and 
*is not in anyway dependent upon the form in which it 
occurs. Whether it is chemical or physical cannot be 
decided. The amount of moisture attracted is definitely 
related to the number of hydroxyl groups in the cellulose 
molecule since, as esters are formed by combination with 
negative radicles, the products exhibit decreasing attrac- 
tions for atmospheric moisture. It. is also to be noted 
that soihe of these synthetic derivatives are formed with 
only slight modification of the external or visible struc- 
ture of the cell, of which, therefore, the phenomenon 
mentioned is independent. Orme Masson (Pro. It S ., 
1901, 74, 230), from a close study of the thermal effects, 
concluded that the heat produced by the absorption of 
water vapour by cotton is of about the same magnitude 
as* the heat of liquefaction of the same quantity of water,” 
r and “ the view that water becomes chemically combined to 
form dehnite hydrates of cellulose cannot be supported by 
facts.” He regards the combination as a solid solution 
of cellulose and watef : “ the deposited moisture does not 
all remain a^, a mechanically adherent film on the surface 
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of the pottoi, tftit undergoes osmotic diffusion into the 
substance of the fibres and forms jvith it what may be 
regarded as a solid solution 01 cellulose and water.” Crcffia 
and Bcvan (Researches oik CeHulose , ii.) suggest that these 
effects cannot be separated, from the general range of 
hydration changes determined by alkalis, acids, and salts. 
The influence of the hygrometric state of the celluloses 
upon the mechanical* properties of these aggregates is an 
evidence of the intrinsic effects of the combined water* 
and it must be remembered that the structureless forms of 
cellulose are more sensitive than the “natural” fibrous 
fowns to these influence* « 

Higgnw (Jv*mi. Soc. Chnn. In<l I DO!), 28, 1 88) noticed 
that there \vn* a connection between the amount of dye- 
stuff textile fibres were capable of absorbing from solution 
and the amount of moisture which those fibres attracted 
from the air. Mer<eriM‘d cotton absorbed more dye-stuff 
from solution and more moisture from the air than 
ordinary cotton, and this attraction was found to be 
the greater the stronger tic Milution < * f caustic soda used 
for the merccrisation. If the amounts of moisture and of 
dye-stuff attracted were plotted along with th«f degrees Tw. * 
of the caustic soda used, it was found that the curves 
obtained were of a sunder natur/ Moreover, it was 
found that the attraction for moisture was also propor- 
tional to the attraction for iodine from potassium iodide 
solution. 
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Although a big variation is noticed in columns 1 and 2, 
it is seen that column 3 contains an ^proximate constant, 
thus pointing to the conclusion that the absorption of the 
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Ynoisture and of the, iodine by the cellulose iwere similar 
processes. Again, it is known that both mercerised and 
ordinary cotton after drying' for a lon$ time in a stove do 
notiake up as much substantive cottcTn dye-stuff as they 
did before drying, and it is -als\> fouhd that they do not 
take up as much moisture after this drying action. The 
ttbove results point to an analogy between the absorption 
by textile fabrics of moisture from 'the air (i.e. a vapour 
«from a gaseous medium) and of« dye-stuffs from solution 
(i.e. solids from a liquid medium). 

JI. Ost and F. Westkoff (Che/m. Zeit ., 1909, 33, 197- 
198/* in discussing the so-called cellulose hydrates, 
mention that Cross and Bevan have applied' the name 
“hydrates” to those modifications of cellulose containing, 
in addition to hygroscopic moisture, which is dependent 
on atmospheric conditions, “ water of hydration,” which is 
dependent on the constitutional modification, and is 
more firmly held than ordinary hygroscopic moisture. 
Thus they have indicated for mercerised cotton %he 
formula 11,0. In the case of the hydrocellu- 

loses, on the other hand, the cellulose has permanently 
entered into chemical combination with water to form new 
derivatives, and such products are termed “ hydrates ” only 
iu the same sense as 'the dextrins, maltose, etc., might be 
termed “ hydrates of starch.” Schwalbe has endeavoured 
to distinguish between hygroscopic moisture and water of 
hydration by assuming that the former is entirely expelled 
at 100 0., whilst the latter is only driven off at the 
temperature of boiling toluene, but such a distinction 
has been found to be invalid. The exact determination 
^*f hygroscopic moisture in members of the cellulose and 
standi groups is a very difficult problem. Small pro- 
gressive losses of weight are recorded as the temperature 
of drying is increased from 100 to 130 C., no absolutely 
fixed point being reached in any case. It is universally 
recognised, however, that under all conditions of drying 
the hydrated celluloses, such as mercerised cotton, contain 
considerably more, and the hydrocelluloses rather less 
water than the normal cotton cellulose. Ost and Westhoff 
do not recognise the\existence of “ water of hydration ” as 
distinct from hygroscopic moisture as a constitutional 
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component of tnese modified celluloses, for after expelling 
the hygroscopic moisture from mer<?erised cotton by drying 
at a temperature of 120°-125°fC. the cellulose regenerated 
possessed the sanity empirical formula as normal ff)tton 
cellulose. Cross and jevan (Researches on Cellulose , 
1910) criticise Ost and Westhoffs statements, and main- 
tain that the expulsion of water from these colloids ie. 
a ’ dissociation. Mercerisation increases the hydrated 
capacity by a definite proportion, as an ultimate property 
of the modified cellulose ; but the process of mercerisation 
is a joint reaction of combination with alkali and jvater, 
the alkali-cellulpse havtng a very high hydration capacity. 
They object to the heating of cellulose to 125 CT to drive 
off the moisture, because the temperature of decomposition 
of cellulose (1G0 C.) is being approached. 

On the other hand, If. Ost (Annalen, 1913, 398, 313- 
343) claims that neither cellulose nor hydrocellulose 
become perfectly anhydrous when dried at 100 -105° C. ; 
tho sample should be heated slowly up to that tempera- 
ture, and finally dehydrated at 120 -125° C. Between 
that temperature and 130 G or even 1 IJF G, purified 
totton cellulose remains white and sutlers no further loss 
iii weight, but certain samples of hydfooellulo.se arc slightly 
decomposed by heating at 125 -13d C. Hydrocellulose is 
less hygroscopic than cellulose, but when both substances 
are corrected for the hygroscopic moisture expelled at 
120 G, ultimate analysis fails to show any difference 
between cellulose and hydioccllulo.-e. * 

On heating raw fibres to 100 G or over that tempera- 
ture, it must not be forgotten that the non-cellulose 
constituents of the fibre arc affected. For example, 
the proteins are changed as prc\ mu.dy pointed out, and 
the wax in melting covers the fibre in a different manner. 
Since the puq>ose of the wax in nature is said to be 
principally to keep out water, then any change in the 
form in which the wax exists on the fibre will have some 
influence on the fibre’s power of attracting moisture 
from the air. Moreover, when tlyj wax is once rffelted it 
never returns to its original form of aggregation. Then 
cotton is said to contain about 0/)6 per cent of mag- 
nesium chloride, which on heating generate^ hydrochloric 
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acid, and might affect the fibres. It is evident, therefore, 
in dealing with this matter of moisture absorption, one 
milst differentiate betweeif the properties of raw ’fibres 
and\he properties of fibrSdf of celluljke separated from 
raw fibres. • \ 

E. Knecht ( Journ . Soc. Dyers and Col. y 1908, 24, 
.107-109) describes the following experiments on the 
effect of drying on the affinity o£ ordinary and mer- 
cerised cotton for dye-stuffs. Cotton yarn wa3 mercerised 
and some hanks were left wet, others were dried in air, and 
other^ were dried in a stove at 110° C. On dyeing these 
different hanks with benzo-purpimne 4 J5, it was foufid 
that drying hi air had caused a decrease of the affinity for 
the dye-stuff, and stove drying had had a still more marked 
effect. This change of affinity seems to be permanent, and 
prolonged exposure to air or steeping does not seem to 
restore it. If materials are allowed to dry in places after 
mercerisation then uneven dyeing will probably result. 
C. Favre (Bull. Soc. Ind. t Mulhouse, 1912, 82, 1 83- >84) 
found that high temperatures or steaming change the 
physical properties of cotton in a manner the reverse of that 
of mercerising, the cotton being less able to absorb dye- 
stuffs after steaming'. Mercerised cotton loses its power 
under these condition^ of absorbing more dye-stuff* than 
ordinary cotton, without, however, losing its brilliance. 

E. Justin-Mueller ( Farber-Zeit ., 1913, 24, 98), regards 
the affinity of cotton for dye-stuffs to be proportional to 
the colloid activity, which is developed by the moisture 
normally present in cotton. This moisture may be looked 
upon as “colloid water” analogous to water of crystallisation 
ii> the case of crystalloid substances, and to its presence is 
due the colloid activity of the cotton. The colloid activity, 
and consequently the affinity for dye-stuffs, is therefore 
diminished by the influence of heat and steam, which tend 
to remove the normally bound water. The prevention of 
this loss of affinity by moistening the cloth, or by adding 
hygroscopic substances before steaming, follows. On the 
other kind, the use of ,a sufficient quantity of glycerine 
may result in an increase in affinity by steaming undeV 
pressure owing to hygroscopic action. 

The influence of moisture on the strength and count of 
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cotton yarn his been investigated by F. W. Barwict 
{Joum. Soc. Dyers and Col. , 1913^ 29, 13). Cotton yarn 
was found to vary from 6 tjl 10 per cent of moistfire 
throughout a period of tlirefe months, and assuming the 
yarn to have been 40s in •count, this corresponds to an 
apparent variation between 41s and 39’s. The strength 
of wool, cotton, and linen cloths depended to a large extent, 
upon the conditions o’f the atmosphere to which they were 
exposed. Thus, cotton and linen cloth increased awl 
decreased in strength as the humidity increased and 
decreased, the variation in strength being as much as 
18 per cent. The conditions of temperature and humidity 
should therefore be standardised for the testing m textiles. 
Erban ( Z . angeiv. Chem ., 1914, 27, 41) states that in 
finishing fabrics various machines for applying low tem- 
peratures are in use to shorten processes, and to increase 
the amount of moisture fixed by the fibres. 

C. G. Schwalbe (Z. angeiv. Chem ., 1907, 20, 2166- 
2172; 1908, 21, 401-402) describes two methods of 
determining the water contained in cellulose. In the first 
paper this determination is made by the use of a toluene 
drying stove, but in the second paper he uses petroleum. 
The results he says agree when determinations are made by 
the two methods. Into i, copper 'retort, which is tinned 
inside, 50 to 100 grms. of the material are placed and 
covered by 1*5-2 litres of petroleum. The retort is 
joined to a tube the narrow part of which is graduated. 
The retort is heated for ten to fifteen minutes with a 
bunsen burner, and the apparatus is then allowed to cool 
during three to four hours ; when the liquid in the gradu- 
ated tube becomes clear, the volume of the water distilled 
is read off. A correction for the water dissolved in the « 
petroleum can be applied. He gives the following deter- 
minations of what he calls “ water of hydration ” : 


Cotton cloth . . . . 0 2 3 . 

„ beaten to pulp . . . T56 

Mercerised cotton (beaten to pulp). . 6 '31 

Hydrocellulose . • 1*2 


# 

E. Knecht {Joum. Soc. Dy erf and .Col., 1920, 195) 
shows that prolonged action of moderate heat* on cotton and 
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similar materials causes a considerable decomposition M 
the cellulose. For instance, a temperature of 93° C. fcf 
se^ral hundred hours has A pronounced effect, and starcf 
also ^rns brown when mainlined at a^noderate heat jfr 
a long time. 



.CHAPTER X 


CELLULOSE AND STRONG ALKALIS 

Alkali-cellulose — Use of salt in mercerising lyes — Cellulose liyi^ates — 
Other mercerising agents -Cold mercerising — Theory of mejjpaftaing — 
Teste for mercerised votton. * r 

Since the researches of Gladstone it was generally under- 
stood that cellulose unites with sodium hydroxide to form 
compounds known as alkali-celluloses. W. Vieweg (Chem. 
Zeit.y 1908, 32, 329-330) found that cellulose combines 
with different quantities of sodium hydroxide on treatment 
with solutions of different concentrations. The maximum 
quantity entering into combination with the cellulose is 
reached with a 16 per cent solution, the cdhibining pro-* 
portions being represented m this case by the formula * 
C H 19 O l0 , NaOH. The author proposes that the amount 
of sodium hydroxide which 100 grins, of cellulose will 
combine with on treatment with a 2 per cent solution 
should be known as the “ degree of mcrcerisatiou ” of 
the cellulose, and that this constant be a test 

for different celluloses. He further states (tier., 1908, 41, 
3269-3275) that between the concentration of 11 and 24 
grms, of sodium hydroxide per 100 c.e. the propor tion* of 
the hydroxide removed from solution by cotton approxi- 
mates to a constant, and corresponds with a definite 
compound C 2 JI 19 O I0 Na. The formation of this compound 
is indicated by a horizontal portion in the absorption - 
concentration curve. Saturation of the sodium hydroxide 
solutions with common salt causes an increased absorption 
of the hydroxide by the cellulose in solutions pf equal 
alkali concentration. Thus, the* formation of Gladstone's 
compound is reached at a lower concentration of sodium 
hydroxide than when sodium chloride is absent. The salt 
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is said to have a physical influence, and Superimposes an 
“ absorption ” of alkaTj by the cellulose, in addition to the 
simple chemical combination. 4 ' 

V Miller ( Ber ., 19&8, 41, 4^)7-4304) criticises 
Viewfcgs results, and states that excdpt for very low and 
very high concentrations of sidium hydroxide, when 
secondary effects come into play, the ratio of the concen- 
tration of the alkali in the solid and* liquid phases respect- 
ively is approximately a constant.. This fact supports his 
view that alkali-cellulose is a solid solution. He also 
disputes the existence pf horizontal portions in the 
absorption-concentration curve ast described by View eg. 
As anV;planation of the effect of sodifim chloride, he 
states that the influence of this salt on the distribution of 
the hydroxide between the two phases is due to the mole- 
cular weight of the hydroxide in the Cellulose being greater 
than in the aqueous chloride solution. J. Hiibner ( Journ . 
Soc, Chem. Inch, 1909, 28, 228), however, found that the 
addition of common salt to soda lye did not cause cotton 
to take up more sodium hydroxide. In actual mercerising 
trials the addition of salt to the soda lye caused less 
shrinkage of' the cotton and less lustre when the cotton 
* was not allowed to shrink. There was also a decreased 
affinity for substantive., cotton dye-stuff, and examination 
under the microscope showed that the fibres untwisted 
much less rapidly than in the absence of the salt. A 
number of tests by Knecht and trials on the large scale 
also proved *Wit Viewegs contentions were wrong, and that 
merceris&rs could not use common salt to economise the 
more expensive caustic soda. 

• J, Hiibner and F. Teltscher [Journ. Soc, Chem. lnd., 
t 19^)9, 28, 64) described experiments which did not support 
the supposed existence of distinct chemical compounds 
between cotton and sodium hydroxides, sometimes called 
“soda-celluloses.” The amount of the soda held by the 
cellulose against removal by absolute alcohol was found to 
: be much smaller than that found by Gladstone and other 
investigators. A. Leighton [Journ. Phys. Chem., 1916, 20, 
32-50) criticises Hiioner and Teltscher’s experiments, 
stating that The soda remaining in the cellulose after 
washing with alcohol is 1 a function of the temperature. He 
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also states that their data rive no indication of the way in 
which cotton absorbs sodium hydroxide from aqueous 
solution. But he supports threm in the statement t^at 
there is no experimental evidence of the formation ofi^ny 
chemical compound of cotton with sodium hydroxide at 
any stage of concentration, the graphic representation of 
the results having the form of a perfectly smooth absorp-. 
tion curve. * 

The question of the existence of cellulose hydrates ha3 
been much discussed. Schwalbe (Z. angew. Chcm., 1909, 
22, 197-201) regards the hydrated celluloses as differing 
widely in their property, but a high hygroscopic moisture 
is common to atl ; the hydrocelluloses, on the oi^ifer hand, 
are distinguished by an abnormally low moisture content. 
He contrasts the different methods of determining tfhe 
“degree of hydration” or, for mercerised cotton, the 
“degree of mercerisation,” and suggests the -following 
method: The “copper value” of the sample is first 
determined. Then another portion is boiled with a 
standard quantity of 5 per cent sulphuric acid for fifteen 
minutes. The acid is neutralised and the prescribed 
quantity of Fehling’s solution is added to determine a* 
second “copper value.” The difference between the two' 
values is a measure of tiie hydrolysis which has taken 
place, and is proportionate to the “ degree of hydration ” 
of the original cellulose. He gives a table of typical 
results. J. F. Briggs (Papierfalm leant. 1910, 8, 46) 
regards the hydration produced by heating # 3t$*lose with 
water as a colloidal phenomenon of adsorption or gel 
formation. It is a reversible process in the sense that the 
water can be expelled from the solid phase by heaUii^Jhe 
fluid pulp or by treatment with alcohol. Ordinary cotton 
cellulose is to be regarded as a cellulose hydrate of low 
degree of hydration. Increased hydration, however pro- 
duced, coincides with an increase in the adsorption 
capacity of the cellulose, e.g. towards metallic hydroxides, 
dye-stuffs, etc. 

0. Miller ( Ber ., 1910, 43, 3430), on the other hand, 
states that mercerised cotton is not a cellulose hydrate. 
If the materials are dried at 95r° C. before and after 
mercerisation a slight loss of weiglft is recorded instead of 
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& gain, as the result of the treatment. Then the hygroscopic 
moisture of merceriseci cellulose is the same whether the 
sample be dried at 95° C.'in* the oven 1 or at 25°‘C.‘ over 
calcium chloride ; a hydrkte stable between these* two 
grade! of temperature is hardly conceivable. When dried 
m vacuo over sulphuric acid, mercerised cellulose has the 
same percentage composition as the original cellulose. 
‘The author contends that in the process of mercerisation, 
the sodium hydroxide enters on a gtate of solid solution in 
the cellulose, and that the process is accompanied by a 
partial conversion of the .cellulose into an isomeride, the 
extend of this conversion being dependent on*the concen- 
tration^ tke alkali : Schwalbe (Ber. y 1 9 i 1 , 44 / 151-152) 
combats these views of Miller, and claims that he had 
already proved that mercerisation is unaccompanied by 
the combination of water with the cellulose. The proof 
adduced by Miller, by weighing the cellulose before and 
after mercerisation, is without value, since a gain due to 
hydration might be neutralised by a loss due to the 
solubility of a portion of the cellulose in the liquid. C. F. 
Cross (ibid. 153-154) also points to the invalidity of 
•arguments based on the absence of gain in weight as the 
1 results of mercerisation without taking into account the 
portion of the cellulose soluble in the alkaline lye, and 
affirms that an increase in weight does in fact take place. 
The author, in defending the application of the term 
“ hydration ” to this reaction, further argues that the 
water is up by the cellulose in definite quantitative 

proportions, and that this combination is accompanied by 
fundamental changes in the physical properties of the 
ce H^ loee. The hydrates of the celluloses and their deri- 
vatives which are capable of existing between the tempera- 
tures of 0° and 50° C. are described as definite and well 
characterised compounds. If all these yield the same 
anhydrous cellulose on drying at a high temperature, this 
fact may be regarded as analogous to the production of 
the same anhydrous salt by heating the various crystal 
hydrate^ say of sodium sulphate. Replying to the. 
criticisms of Schwalbe and Cross, 0. Miller ( Ber ., 1911 , 
44 , 728) states that on mercerising cotton cellulose the 
mercerised product was s 99’6 per cent, fibres, etc., recovered 
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from the lye 0*26* per cent, and loss ,0*1 4 per cent of the* 
original cellulose t^ken. The ^ moisture of mercerised 
cotton* is readily given off in a desiccator over calciyn 
chloride and is not chemically 'fixed. The free water told 
water fixed in solidl chemical hydrates evaporate vAth a 
constant velocity at a constant temperature under a‘ con- 
stant tension of aqueous vapour, lower than the saturation 
point; but mercerised* cotton was found to give up its 
water at *by no means a constant rate, for the rate # 
diminished rapidly over the whole period of observation. 

The correctness of the view that mercerised cotton 
doGs not actually contain chemically combined waftr is 
supported *by the following facts. 1 The exc<*s#uf water 
contained in mercerised cellulose can not only be removed, 
and as a result the dyeing property changed, by drying 
(J. F. Copley, Journ . Sue. Dyers and Col., 1908, 24, 72), 
but also by applying heavy pressure to the fabric after 
mercerising and whilst in the wet state (J. Hiibner, Eng. 
Pat. 12455 ), by extraction with absolute alcohol 
(J. Hiibner and F. Teltscber, Journ. Soc. Chem. Lid., 
1909 , 28 , 641 ), and by keeping the mercerised cotton for a 
long period in a desiccator over calcium chloride or plios- ( 
phorus pentoxide (0. Miller, loe. cit.). It is shown on p. 81 
that whereas cotton mercerised without tension took up 
9’33 per cent of moisture from the air, the same cotton 
mercerised with tension took up only 8*28 per cent of 
moisture. The mercerising of the two samples was done 
with the same caustic soda and at the same time ,‘cmd they 
were exposed to the same atmosphere and weighed at the 
same time. Samples of bleached (tot ton gave for cotton 
mercerised without tension 9T2 per cent, and with fcnsidn 
8*05 per cent of moisture. Although in the one case the 
cotton yarn was stretched during mercerisation, the cellu- 
lose of the cotton must be in the same state as in the 
sample which was not stretched, for on stretching the 
latter it shows lustre and the properties of yarn mercerised 
with tension. If, therefore, it be admitted that the cellu- 
lose is the spe chemical substance in the two (jases, it 
must be admitted that the attraction of more moisture is 

1 Hiibner, Bleaching and Dyeing of Vcgctabh Fibrous Mdteruils (Constable, 
London, 1912). 
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# not due to chemical difference of the cellulose in the two 
cases. In short, this.gre^ter affinity f^r moisture can only 
bt explained by a difference of physical state. This ex- 
planation might then bd 'taken back to the ordinary 
cott&i, which is found to absorb lesft * moisture than the 
other two varieties, and we might infer from the above 
reasoning that the attraction by mercerised cotton of more 
moisture than ordinary cotton is due not to a change in 
^the chemical nature of the cellulose but to an alteration in 
its physical characteristics. 

E. Knecht and W. Harrison ( Journ . Soc. Dyers and 
Col'. 1912, 28, 224) found that ‘tetramethyl ammonihm 
hydrate \catised cotton to shrink as solutions of alkali 
hydroxides did. Lithium hydroxide had a greater effect 
than sodium or potassium hydroxides ; whilst, on the 
other hand, calcium, barium, and ammonium hydroxide, 
and hydrazine hydrate produced no shrinkage. 

E. Knecht (< Journ . Soc. Dyers and Col., 1915, 31, 
8-10) found a considerable mercerising effect is produced, 
without injury to the feel and tensile strength, by immers- 
ing cotton yarn for thirty seconds in hydrochloric acid 
of 38° Tw. Stronger acids (39 -40" Tw.) make the fibre 
harsh and brittle. The mercerising effect is still consider- 
able with hydrochloric acid of 37° Tw., but ceases with 
weaker acids from 36° Tw. downwards ; lowering the 
temperature does not increase the activity of the weaker 
acids. The mercerisation is accompanied by shrinkage 
ainounti’Tg to 8 per cent with acid of 38° Tw. and 4 per 
cent with acid of 37° Tw. The yarns become curly, but 
attempts to produce lustre on Egyptian cotton by treat- 
ment "under tension were not successful. The treated 
cotton exhibits most of the properties of hydrated cellu- 
lose ; it is characterised by an increased affinity for sub- 
stantive dye-stuffs, which is greater when the fibre is dyed 
without drying. The microscopic appearance is not much 
changed. 

A number of processes have recently been patented 
depending on the action of sulphuric acid of various 
strengths on cotton. Mercer, in his original specification, 
mentioned the t use Of sulphuric acid of 10*5° Tw., but 
subsequent experienced mercerising showed that caustic 
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soda was the best agent to produce the swelling and* 
lustring of the fibre; moreover, *it could be used without 
risk of damaging the material. Heberlein & Co. (Eijg. 
Pat. *100483, 1916) product* novel effects on cotron 
fabrics by (1) alternately treating them with alkali Vye of 
15° Be. and sulphuric acid of over 48° Be., and (2) sub- 
mitting the cotton fabric (previously mercerised) to the 
action, in places, of •Sulphuric acid of strength greater 
than 50'§°Be., then washing and again mercerising. 
Akt. Ges. Cilander (Eng. Pat. 103432, 1916) produce 
transparent effects on cotton by. treating with sulphuric 
acid of less* than 50’5*Be., cooled to at least 4° C* and 
then mercerising with caustic soda. E. Heberlein (U.S. 
Pat. 1265082, 1918) produces transparent effects on 
cotton by subjecting the goods to the action of a caustic 
alkali solution of at least 15° Be., washing and then treat- 
ing with sulphuric acid of at least 50*5 J Be., both treat- 
ments being carried out at a temperature below 0 C. 

The effect of cold during mercerisation is discussed by 
A. Kirchbacher [Z. anyew. Cliem ., 1910, 23,2269). With 
lyes of less than 30 B. the best results are obtained at a 
low temperature, but with more concentrated lyes the* 
influence of temperature is small. lie reports (Journ. 
Soc. Chem. bid., 1911, 20) that jn Ahnerts process of 
mercerisation the yarns are impregnated with hot lye 
(25" B., sp. gr. 1 ’21) and then chilled. T. Nakata [Journ. 
Chem. bid., Tokyo, 1917, 20, 1224-1231) states that the 
strength and elongation of mercerised yarns ^ire of import- 
ance, and these properties depend on the thorough removal 
of the mercerising soda after mercerisation, on the amount 
of stretching to which the yarns are subjected •duritig 
mercerisation, and on the moisture contained in the yarn 
before mercerisation. 

In discussing the theory of the action of strong alkali 
hydroxides on cotton W. Harrison [Journ. Soc. Dyers and 
Col. y 1915, 31 , 198) regards mercerised cotton as contain- 
ing cellulose in a higher degree of dispersion than ordinary 
cotton. The shrinking and untwisting of the cottgn fibres 
during mercerisation are due to strains within the fibres 
acting when the cotton has been softened by the caustic 
soda. The lustre of mercerised fibres is attributed mainly 
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'to their smooth surfaces in comparison with the fibres 
unmercerised or* mercerised without pension ; the section 
o^all fibres is found to have an influence on the 'lustre, 
particularly if such fibres' have smooth surfaces. * He 
criticises Iliibner and Pope’s theory pf lustre. The last- 
named authors ( Journ . Soc. Chew,. Ind ., 1904, 23, 404-411) 
pointed out that the fibres untwist during the mercerising ; 
the natural twist does not always 'cun in the same direc- 
tion, some twists being to the left and others .to* the right, 
^nd the untwisting during mercerisation really causes a 
retwisting of the fibres because the ends of the yarn are 
held* The lustre produced depends largely on the reflec- 
tion of t\ie light by the swollen and retwisted fibres. The 
mercerising agent which is able to produce a high degree 
of swelling, shrinking, and untwisting of the fibres there- 
fore gives the maximum lustre. Harrison ( Proc . Roy. 
Soc., 1918, A, 94, 4G0-4G9) regards the shrinkage of length 
which takes place during mercerisation as being due to the 
balancing of the internal stresses of the fibres (see p. 113); 
and regarding lustre he (Second Brit. Ass. Report on 
Colloid Chemistry) inclines to Lange’s view that lustre is 
1 due to the sSnoothness of the surface of mercerised fibres 
as compared with ordinary cotton fibres. He maintains 
that the lustre of singlg fibres is, decreased by increasing the 
number of twists. Regarding the twists in the natural 
fibres, W. L. Balls points out that when the cotton plant is 
33 days old it is easy to distinguish simple pits in the cell- 
walls of^tJie fibres. These pits are common in many kinds 
of vegetable cell-wall, and are not in any way peculiar to 
cotton. Given such pits, the fibre must twist when it 
dries, unless the wall has been thickened so much as to 
obliterate the central cavity almost entirely. Twisting 
may be left or right ; the direction appears to be acci- 
dental. Further he states that lustre is probably almost 
synonymous with twist. If all the hairs in a sample are 
well and evenly twisted, there will be an infinite number 
of convex surfaces, each reflecting a spot of light. In 
addition, to this there is refraction of light, which may 
be seen by holding a well- twisted fibre against a dull back- 
ground with 'b good north light well overhead. It seems 
more than probable tltet the causes of lustre changes and 
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variations lie behind the cuticle, because the cuticle is one 
of the last plant ^issues to b^ affoc ted by' ill treatment. 
DiScussitig the strength of yarns, Balls states, that y^rn 
does ‘not break primarily through rupture of hairs, but 
through the slipping of hair on hair (see p. 33). Strength 
of yarn, within limits follows the amount of twist 
which is put into it, even the variations in the strength 
of yarn after mercerising being accounted for in this * 
way. 

R. Haller ( Kolloid Zeits., 1917, 20, 127) considers tlifc 
outer membrane of vegetable fibres to be made up of two 
structural membranes, thus supporting Niigeli’s mictdlary 
theory of. the Structure of vegetal )le memWajies. The 
absorption of mordants and dyes by the penetration of 
these substances into the mieellary interstices is dependent 
on the power of dispersion of the particles. In the case 
of mercerised fibres the micellae are more widely separated 
than in the original untreated fibres, and particles of larger 
size than 5 fifi may be absorbed, with the result that the 
depth of colour is greater. 

As regards the different tests for mercerised cotton 
which have been suggested, it must be pointed out that* 
in ‘tome cases, particularly in cloth mercerising, some of# 
the fibres are not thoroughly penetrated by the caustic 
soda solution and some not at all. Thus Lester ( Journ . 
Soc. Chem. Ind. , 1909, 28, 230), on dyeing mercerised 
cotton cloth and examining it under the microscope, found 
that in the mercerising process the surface fibres first 
acted upon, and where the time, temperature, or the strength 
of the soda lye is insufficient to effect complete mercerisa- 
tion, the internal portions of the cloth, where tke fibres 
are brought into closest contact, are little affected. 
Mercerised cotton absorbs more iodine from a potassium 
iodide solutiotf than ordinary cotton does (see p. 81), and, 
further, it does not give up this iodine so readily to water. 

J. Htibner {Journ. Soc. Chem. Ind. } 1908, 27, 105) kes 
used this observation to distinguish mercerised from 
ordinary cotton. By dissolving 30 grins, of ipdine in 
100 c.c. of a saturated solution of potassium iodide in 
water a solution was obtained which # w&s found to 
be suitable for distinguishing b^ween mercerised and 
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ordinary cotton. The sample to be tested is immersed 
in this solution, then^akep out and washed with water or 
wijih a 2 per cent solution of potassium iodide: -From 
the manner in which the nbdine is given up during the 
washing one can determine, after some experience of the 
test, whether the sample is mhrcerisea or not, and some 
indication can be derived as to the strength of the caustic 
• soda used in the mercerising. Higgips 1 has used this test 
in practice and found it very useful. In anpther test 
described by Hiibner ( loc . cit.) a solution of 1120 grms. 
of zinc chloride in 480 c.c. of water is used. To 20 c.c. of 
this solution one or more drops <of a solution of 1 grm. 
of iodine and 20 grms. of potassium iodfde in .100 c.c. of 
water are added. On putting mercerised cotton into this 
solution it is turned a blueish shade, whereas ordinary 
cotton is not similarly affected. 

E. Knecht ( Journ . Soc. Dyers and Col., 1908, 24, 67) 
found that ordinary cotton dyed with benzo-purpurine is 
at once turned blue by hydrochloric acid, but mercerised 
cotton becomes reddish-violet if the acid is not used too 
strong. If the solution containing the dyed cotton is 
•heated and dilute titanous chloride (or a stronger solution 
*.of stannous chloride) be added, the colour in both cases 
diminishes in intensity, until Just before the complete 
destruction of the colour takes place the ordinary cotton 
appears indigo blue and the mercerised cotton red. To 
determine the degree of mercerisation Knecht [ibid. 68-71) 
uses the selective affinity of mercerised and unmercerised 
cotton for dye-stuffs when dyed in the same dye-bath. 
After the dyeing he estimates the amount of dye-stuff 
in* th<v-fibrc by direct titration. The results show a 
continuous rise in the affinity of cotton for colouring 
matter from untreated cotton to that mercerised with 
caustic soda at 70° Tw. The strength of tliC caustic soda 
which had been used for mercerising a given sample of 
yarn may therefore be determined by dyeing known 
weights of the sample and of ordinary cotton of about 
the sarqe quality in the same bath. The colour is then 
estimated quantitatively in both samples, and from the 
results the degree of ‘mercerisation can be arrived at by 

1 The Dyeing Indi&try (Manchester University Press). ' 
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using a table given. A. B. Knaggs (Journ. Soc . Dyers 
and Col , 1908, 112-113) states that the addition of 

titanous chloride in the above teat (Kneeht’s) is not neces- 
sary, the colour* changes being produced by the hydro- 
chloric acid alone.* Oxycellulose behaves in a somewhat 
similar manner to mercerised cotton, but the colour 
produced is blue-black instead of blueisk-violet. 

Photo -micrographs of mercerised cotton cloth were * 
found by J. Hiibner (Journ. Soc. Dyers and Col., 1911, 
27, 128) to show the cloth was more open after mercerisa*- 
tion under tension and that the material loses considerably 
in •thickness 4 * 

E. Justin-Miteller (Journ. Soc. Dyers and Qol, 1914, 
30, 354) described a machine to measure the degree of 
swelling of threads, the method being useful for deter- 
mining the most suitable concentration of caustic soda 
and time of immersion for mercerising cotton. 



CHAPTER 'XI 

CELLULOSE AND^ ACIDS 

c • 

Effect of Ht.'ong and weak acid? — Tests for acid in cloth — Magnesium 
clilonde in singeing — Ilydrocellulose — Tests for hydrocelluluse. 

A number of papers of great interest to bleachers have 
recently appeared, dealing with the action of different 
acids on cotton. II. Wilkinson (Journ. Soc. Dyers and 
Col., 1917, 33, 148) linds the tendering action of sulphuric 
acid increases the longer the acid is in contact with the 
fibre, and oji washing with water or alkali the cotton 
* regains in strength an amount approximately equal to the 
' strength in the acidified condition. The acid-trcdted cotton 
behaved like ordinary .cotton on mercerising, that is, it 

f ained further in strength. W. Harrison (Journ, Soc. 

)yers and Col., 1912, 28, 238) found dilute sulphuric 
acid dried on cotton causes it to take up more methylene 
blue ajyl leqs of direct dye -stuffs, this property being 
usually regarded as characteristic of oxycellulose. The 
product formed by the action of the sulphuric acid is not 
oXycelltdose nor a sulphuric ester of cellulose, but is most 
probably a colloidal form of hydrocellulose. G. E. Pilking- 
ton (Journ. Soc. Dyers and Col., 1915, 31, J 49-1 53) states 
that oxalic, tartaric, and citric acids have a tendering 
action on cotton, the first-named being the most active in 
this respect. The effect was measured by a determination 
of the “ copper values ” in the different actions. Sodium 
sulphate diminished the action of these acids. M. Cohen 
(Journ. Soc. Dijkrs ana Col., 1915, 31, 162), on boiling 
cotton for one hpur with hydrochloric acid of per cent 
and upwards, found thapfc the “ copper value ” of the cotton 
’ 98 
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was in all cases increased, whereas sulphuric acid produced ' 
no appreciable effapt if the concentration was less than 
1 per cent. If the cotton is soaked in cold acid, dried, 
Ind then heated* to 120° C. for ten minutes, an acid of as 
low a strength as per cent in the case of hydrochloric 
acid and of per cent in the case of sulphuric acid was 
found to be effective, owing to the concentration of the # 
acid on the fibre. The increase in the “copper value” * 
corresponded with the decrease, in the tensile strength of 
the yarns. C. G. Schwalbe and M. RobinofF (Z. angeiv. 
Chan ., 191 L, 24, 256), using Egyptian cotton of copper 
value 0-04/ found, on Meaching with hypochlorite •solu- 
tions and souriifg by hydrochloric or acetic ac al, that the 
formation of hydrocellulose was promoted by the use of 
lower strengths of acid. The results were confirmed by 
noticing the solubility of the cellulose produced in dilute 
lyes. Robinoff* further supports this statement in a later 
paper (. Papierfabrikant , 1912, 10, 968), saying that dilute 
acids, used for souring after bleaching, act more strongly 
on the cellulose than acid ol double or tour times the 
strength. Acetic acid was said to apparently have as # 
g;eat an action as hydrochloric acid. 

A. Leighton [Journ. Pfiyx.CImn., 1916,20, 188) finds that* 
hydrochloric, sulphuric, awl phosphoric acids do not form 
compounds with cotton at ordinary temperatures. Cellu- 
lose adsorbs sulphuric acid more than phosphoric acid, and 
the latter acid more than hydrochloric acid, whilst the 
presence of any of these acids reduces the aiqpunt water 
which can be absorbed by the cotton. Selective adsorp- 
tion was only pronounced at high concentrations of the 
acids ; it does not occur with phosphoric acid? 4 and # is 
more pronounced with hydrochloric than with sulphuric 
acid, 

To test for free acid in cloth, J. F. Briggs (Journ. Soc. 
Chem. Ind ., 1916, 35, 80) uses potassium iodide-iodate and 
starch. This is made up with distilled water and adjusted 
for neutrality by the addition of a drop or two of N/10 
acid until the liquor shows a light Jdue colour. The indica- 
tions of this test have a roughly quantitative significance 
depending on the time required to develop a blueish stain. 
This appears at once in the presence of an objectionable 
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^neutral. Putting the tthundTa 
>f an? tendering effect ‘is produced ‘is reiS V“ g 
J. H. tester (Journ. Soc. Ghem. Ind. 1915, 3/934) as I 
better practical test than quantita/ive tests for acids 
present m the cloth. Tendering due to acids depends on 
the care taken in drying and on the amount of moisture 
left in the cloth; but no cloth should contain ae much as 
6*1 per cent of acid. The maximum allowable would appear 
to be 0*01 per cent. Briggs (loc. cit.\ in discussing the 
hot-ifon test, points out that chlorides, such* as calcitfm 
chlorides u*ed in finishing embroidered “goods-, will also 
cause tendering. The effect of chlorides in white finished 
goods is to make them feel fuller and heavier in the hand, 
and the present author finds that the presence of these 
chlorides is sometimes difficult to detect, because many 
materials used in finishing are apt to contain small amounts 
of chlorides as impurities. In one case, goods became 
tender under the iron, but no acid was noticeable ; calcium 
chloride was^, however, found to be present. Under the 
c iron, the heat decomposed the chloride, liberating hydro- 
chloric acid ; but as the cloth cooled down, after the 
release of the iron, the ^icid recombined with the lime and 


could not be detected. 

The above facts are of interest in connection with the 
tendering caused by cldorides in the singeing process. 
F. Wha^vell ( Textile Inst . Journ ., 1911, 2, 43-53) points 
out that the sizer frequently incorporates a small amount 
of zinc chloride with his size, which acts as an antiseptic, 
prteventkjg mildew, and also as a deliquescent. Other 
chlorides are also frequently employed as deliquescent 
agents, e.g. those of magnesium and calcffim. All these 
chlorides tend to dissociate when heated above a certain 
temperature, and cloths containing them are liable to be- 
come tendered after passing through the singeing process. 
The heat of the singeing machine liberates hydrochloric 
acid, wlfich destroys the fibres of the cloth. The damaged 
parts are often ^regularly distributed over the cloth, and 
they show themselves* in the form of small or large holes 
with clean-cut edges, distinct from the frayed edges of 
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mechanically damaged parts. Sometimes chlorides are also 
used for weighting ^rey cloth, the cleth being thus enabled 
to carry more filling. Donninelli (Rev. Gen. Mat, Cpl. K 
1908, 12, 203-204) also points* to the effect of magnesium 
chloride during singeing, a loss of strength of 53 per cent 
on the warp and only 2? per cent on the weft being 
noticed after singeing, dyeing, and schreinering. Merchants 
are recommended to •insist that the size used for the warps * 
shall be free from magnesium chloride. Paper containing 
magnesium chloride was practically destroyed on heatiifg 
for thirty days at 00° C., but. storage for four years at 
ordinary temperatures f had little effect on the strtmgth 
(C. Bartscdi, Milt. K. Materialpriif 1913, 30, 400). 

T. W. Fox, J. Hubner, and E. Kneclit ( f Text. Inst. 
Joum ., 1912, 3, 27-42) found magnesium chloride to be 
stable at 100 C., to decompose slightly at 120° C. and 
rapidly at 1 49" C. On singeing cotton cloth containing 
magnesium chloride, no appreciable tendering of the cloth < 
was found after one or two singcings, so breaking tests 
were confined to cotton thrice singed, then boiled in caustic 
soda lye under pressure. The results givei^ below show 
tlot other substances used in sizing, besides magnesium* 
chi . rule, produce tendering, and sometimes in quite as* 
marked a degree : • # 


Halt, uiotl. 

Loss 

alt. i t tin. n 

HIHK. 

1’. i< •’iitap* Loss 
att.'i nt 

biiilinj.; 

J Total Ij/mh of 

Nt r» i>KtIi 

1 


• 


Ammonium chloride 

ST) 

26-0 

31 r> 

Calcium chloride . . 1 

11 0 

10 0 

21*0 

Magnesium chloride 

6 0 

170 

^ 23*0 . 

Sodium chloride 

1 2 r» 

10 0 

22 5 

Zinc chloride . 

30 

29-0 

26 0 

Glucose . . * . 

no change ! 

13 0 

13 0 

Salicylic acid . . . j 

8-0 j 

17 0 

25-0 

Carbolic acid . . . j 

10 

19 0 

20 0 

Aluminium chloride . 1 

220 

23 0 

4. r )*0 

Sour size . . . J 

80 

180 

26*0 * 

Unsized cloth . 


170 

170 

• 


W. Thomson ( Journ . Soc. Dyers ay\cl Vol ., 1915, 31, 
133) found that whereas 5 per ceni solutions of magnesium 
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and zinc chlorides both caused charring of cloth on ironing 
(the latter at a lower'temperature), a fixture of the two 
solutions only caused at the most a slight discoloration. 
He had also noticed a similar result ii f singeing opera- 
tions. A double chloride might be formed, but attempts 
to isolate this were not successful, 'fhe mixed chlorides 
%re used in practice, the zinc chloride being added to act 
• as an antiseptic. M. Fort and M. Pickles (Journ. Soe. 
Dyers and Col., 1915, 31, 255) showed that on adding 
sodium chloride to magnesium chloride the tendering 
action of the latter was reduced, because the introduction 
of a «alt containing a similar ion into a solution of an 
acid lowers .the electrolytic dissociation of the acid and 
causes a corresponding reduction in its tendering action. 

E. Ristcupart (Z. angew. Chem ., 1912, 25, 289) observed 
that magnesium chloride does not suiter decomposition 
below 106° C., and, even when heated to 246° C., the free 
hydrochloric acid formed is only equal do about 2 per cent 
of the weight of the salt taken. Tendering, therefore, 
cannot take place below 106 J C. ; but at higher tempera- 
tures, especially if long continued, the goods become 
•tendered. Goods containing magnesium chloride cannot 
J)e dried with safety above 100 C. A. Leighton (loc. cit.) 
found when cotton is treated .with small quantities of 
sulphuric acid, e.cj. 0 '01-0 '02 per cent, and dried at a low 
temperature, its strength is not decreased, but even 
increased. 

Pure cotton cellulose or putting into weak acids and 
alkalis tfas found by Mills to react, some of the acid and 
alkali being absorbed, and Vignon found that heat was 
produced^ uring the absorption. Cellulose has therefore 
weak acmic and basic properties, but these values are 
found to be practically insignificant. ^ 

Stern (Journ. Chem. Soc., 1904, 85, 336) states that 
under the action of hot dilute acids cellulose does not pro- 
duce hydrocellulose, as stated by Girard (Cornet. Rend., 
81, 1105; 88, 1322). The cellulose is partly hydrolysed 
with the production of soluble products, probably d. 
glucose. 1 The residue does not differ in elementary com- „ 
position fronTth^ original cellulose, and its disintegration 
is due to the fact that* certain portions of the fibre are 
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more easily attacked than others : as a result of their* 
solution and removal the whple fibre falls to pieces. 
Cross* and Bevan ( *J ourn. Chem . Soc., 1904), on the other 
hand, contend that the residues are different from the 
original cellulose .in that they are attacked by alkaline 
solutions, being largely soluble in 15 to 20 per cent 
caustic soda solution, are oxidised by Fehling’s solution, 
and generally show # differences in the reactivity of the , 
typical carbonyl and hydroxyl groups. Their behaviour 
towards nitric acid, acetic anhydride, and esteri lying agenjs 
generally differs from that of the original cellulose, and 
the properties of the corresponding derivatives are also 
different. , • 

0. Hauser and II. llerzfeld (Cheni.-Zeil.f 1915, 39, 
689) state hydrocellulose is differentiated from cellulose by 
its cupric-reducing properties, ready solubility in cellulose 
solvents, low hygroscopic moisture, and blue reaction with 
iodine-potassium iodide, which is quickly removed by 
water. It is probably an adsorption compound of variable 4 
composition, consisting of cellulose in combination with 
its products of hydrolysis, including dextrose and most 
probably various dcxtrins. The brittle nature is partly 
attributed to the interpenetration of the cellulose structure 
by gelatinised products of hydrolysis. On extracting 
with water in a Soxhlet’s* apparatus the first extracts had 
a high cupric reducing value, whereas finally a residue was 
obtained, the copper value of which was low. G, Buttner 
and J. Neumann (Z. angeiv. Chan ., 0)08, 21, 2609) 
describe hydrocellulosc as ^ white sandy powder, extremely 
resistant towards acids and alkalis, but C. G. Schwalbe 
(Z. angew. Chem., 1909, 22, 155-156) combats this state- 
ment, for as much as 52 per cent of Girard ’^Sydrocellu- 
lose is dissolved by boiling with a 15 per cent solution of'* 
sodium hydroxide solution. 11. Jentgen (Z. angcw. 
Chem., 1910, 23, 1541) also states that hydrocellulose is 
largely soluble in caustic soda. He states that about $ 
is so dissolved, and of this &5 per cent is reprecipitated 
from the soda on adding acid, the remainder being more 
or less soluble and profoundly decomposed. Several salts 
of strong acids with w r eak bases. also* convert cellulose 
into hydrocellulose, the action of these kalts being direct * 
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•and not depending on dissociation, In fhe production of 
hydrocellulose by acids tjie acid enters into association 
with the cellulose by adsorption, and Ihe hydrolysis pro- 
ceeds by the action of the* finely divided water on the 
adsorption compound, the acid acting as a contact agent. 
He latter states ( Z . angew. Chem. , 1911, 24, 11-12) that 
(1) 1 per cent aqueous solutions of acid have practically 
. no action on cellulose ; (2) alcoholic solutions of acids 
hydrolyse only very slowly, and the rate of hydrolysis is 
djrectly influenced by the dissociating capacity of the 
solvent ; and (3) 1 per cent solutions of acids in noil- 
dissocjating solvents hydrolyse cellulose rapidly. He 
maintains that these observations support his previously 
expressed views, but Schwalbe (ibid. 12-13) holds that 
djluto aqueous acids do have a hydrolysing action on 
cellulose and that the hydrolysing power of alcoholic 
solutions of acid is reduced because the acid tends to form 
esters with the alcohol. 

H. Ost discusses the absorption of moisture by hydro- 
cellulose (see p. 82), and W. 0. Coninck (Chem. Zentr ., 
1910, 2, 1459) finds that filter paper subjected to the 
action of concentrated hydrochloric acid for G2 hours docs 
amt yield a product which reduces Foldings solution, but by 
the action of concentrated hydrochloric acid for 87 hours 
and of fuming hydrobrolnic acid for 24 hours such a pro- 
duct is obtained from cotton. 

As far as the bleacher is concerned, it must be admitted 
that this subject of the existence or non-existence of a 
definite ^substance, hydrocellulpse, is not yet sufficiently 
developed to give him any definite information. In fact, 
out.of the researches no definite means of detecting hydro- 
cellulose”^. 1 distinguishing it from oxycellulose can be 
* gathered. It is stated that hydrocellulose shows the same 
reaction with Fehliug’s solution and caustic soda as oxy- 
cellulose, but it does not show the methylene blue test. 
As pointed out by J. F. Briggs (Journ. Soc. Chem. Ind., 
19 1 6, 35, 80), however, the- value of this negative dis- 
tinction is limited to cases of local tendering since the 
dyeing tekt is not ftvailablte in cases of general tendering. 
Even the methylefie blue test is further discounted by the 
observation of M/Freiberger (Z. angew. Chem., 1916, 29, 
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397) that cotton after souring takes up more methylene 
blue than the unsgured materia}. • 

* R. Haller (Kolloid. Zeits ;i 1917, 20, 127) states that 
the chemical anff physical properties of cotton fibres lead 
to the conclusion that the outer membrane consist^ of two 
structural elementsHvhich Show but small differences under 
normal conditions. When the cellulose is transformed 
f • into hydrocellulose and oxycellulose the two components’ 
are much more readily^ differentiated. The difference 'is 
shown in the behaviour towards chemical reagents and tn 
the appearance under the ultrayncroscope. 



CHAPTER XII 

CELLULOSE AND OXIDI&NG AGENTS* 

Oxyeellulose — Tests for oxyeellulose — Action of ozone on cellulose — 
Action of metallic oxides. 


Zn uases of over-bleaching, that is, after the hypochlorite 
or other oxidising agent has acted on and destroyed the 
colouring matter of the fibre, the cellulose is attacked. 
This action results in the cellulose becoming changed in its 

p p 

power of resisting the action of alkalis, in its increased 

deducing action on Foldings solution, and in its increased 

\jower of adsorbing methylene blue from solution. The 

cellulose is said to be changed to oxyeellulose, and, since 

the discovery of this substance or collection of substances 

by Witz, this action has been a subject of* controversy 

among chemists. As in the case of hydrocellulose, there 

are no definitely accepted opinions as to its nature, and as 

previously stated no means have yet been devised for 

definitely distinguishing this cellulose product from the 

other proAy ct generally known as hydrocellulose. Faber 

and Tollens^ibund on distillation with weak acid it yielded 

furfural, and by boiling with lime iso-saegharic acid and 

dioxybutyric acid. They contend ( Ber ., 1899, 2589) that 

oxycelluloses are mixtures of cellulose and a derivative 

oxidised compound, which contains one more atom of 

oxygen than cellulose. L‘. Vignon ( Bull . Soc. Chim ., 

1901, 3%5 and 130) digested various celluloses with dilute 

hydrochloric aciijmr six' hours at 100° C., and estimated 

the cupric reduction of the soluble products calculated as 

dextrose. 

> 
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100 gnus. f ' 

Equal to 
dextrose grms. 

Purified cottofl* . . * 

3*29 

* „ hydrocellulose • 

9*7 0 • 

Cetton mercerised (NaOII 30° B.) 

4-39 

,, ( 40“ 1(.) . . 

&51 

Cellulose precipitated from cupraminonium . 

4*39 

Oxycellulose ...... 

14*70 

Starch . . * . 
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W. 0. Bancroft and R. II. Currie, jun. (Joum. Phifs. 
Chem ., 1915, 19, 159-168), regard oxycellulose as always 
being the £ame product? whether prepared by the action of 
nitric acid, permanganate, chloric- acid, blendiing powder 
or bleaching powder and air. The authors did not succeed 
in converting the whole of the cellulose into oxycellulosfc, 
and it is doubtful whether pure oxycellulose has ever been 
prepared. Oxycellulose is partially soluble in dilute 
alkali hydroxides, with a yellow colour on heating; the 
residue is simply unoxidised cellulose in varying propor- 
tions. The dissolved substance is precipitated by alcohol 
and acids, and after dialysis it is readily soluble in water. 
This soluble substance is regarded as the true oxycellulose* 
ami may be a homogeneous substance. The distinction^ 
made by Nastjukoff tat. ween # a, ff, and 7 oxy cellu- 
loses does not exist. The so-called a oxycellulose is 
unattacked cellulose, more or less contaminated with pro- 
ducts of decomposition ; ft (alkali-soluble) and 7 (water- 
soluble) oxycelluloses are the same substance in different 
states ot aggregation. Tlte cupric-reducing property of 
oxycellulose is probably not characteristic and may be due 
to the presence of other decomposition produ cjy^ lhis pro- 
perty readily disappears on prolonged heating without 
any essential change in the other characteristics of the 
oxycellulose. 

W. Harrison ( Jour . Soc. Dyer's and Col. t 1912, 28, 
359) regards the evidence available to indicate that the 
different forms of oxycellulo*se and hydrocellulose are 
adsorption compounds of cellijose and its pipduct of 
hydrolysis. These adsorbed reducing substances are 
probably of an aldehydic nature in h^drocellulose and 
of an acidic nature in oxycellulose. R. Oertel (Z. 
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3“ Ohm 1913, 26, 246) teund . „ IJCe i ldose to 
ism a furfural value oP 17 against „th«t of 
cotton oi Jess than 1, but he contends that the furfural 
value is not sufficiently definite to serve ffer the character- 
isation of oxycellulose. Oxycellulose is stated to be an 
oxidised derivative of hydrocefiulose, mot a homogeneous 
product. Ditz (Journ. Prakt. CKem ., 1908, 78, 343-364) 
•states that oxycellulose placed in Messier s solution at < 
ordinary temperatures is coloured brown at first, but 
rapidly assumes a dark grey shade due to the reduction 
of the mercury salt. He proposes this as a test for oxy- 
cellulose, since cellulose and hydroflellulose do not react in 
this way except they contain some oxyceWulose. Gr. Kita 
[Journ. Cham, hid., Tokyo, 1917, 20, 138) finds that 
methylene blue cannot be used to estimate oxycellulose, 
because there is no proportionality between the quantity 
of methylene blue absorbed and the quantity of oxy- 
„ cellulose present. R. Scholl and W. F. A. Iirnien 
estimate oxycellulose by its action in reducing vat 
dye-stuffs (p. 43). 

C. Doreey (Journ. Soc. Dyers and Col. , 1913, 29 , 205) 
€ound, on exposing cotton to ozone, the “copper value” 
V ordinary and mercerised cotton increased from 1*2 to 
1 6 ’9 and 17 to 24*0 respectively. The loss in weight in 
subsequent boiling with potassium hydroxide was 64 and 
57 per cent respectively. L. L. Lloyd (Journ. Soc. Dyers 
and Col., 1910, 26 , 273) finds that material showing 5 per 
cent decrease in strength due to overbleaching will show 
a faint ^ink stain with Folding's solution. Oxycellulose 
is formed by the action of many metallic salts on moist 
cotrtoiq a^50° C. The amount produced depends on the 
, time and tfitaperature of ageing and on the amount and 
nature of the metallic salts present. Themaetals, the salts 
of which act in this case as catalysts, are, in order of their 
activity, copper, cobalt, manganese, nickel, iron, and to 
a .small extent chromium. Their most active salts are 
nitrates, then chlorides, and finally sulphates. The oxy- 
cellulose produced may be reduced by various agents, but 
’ the tendering remains unaltered. The production of oxy- 
, cellulose is also Mentioned on p. 128 . The metals men- 
tioned by Lloyd and ii\ the order of activity given are 
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those which cause the tendering .of cotton and. linen 
in the presences of hypochlorites* and peroxides (see 

P-57V 

As regards the action of different oxidising solutions, 
used for bleaching, on the cellulose itself, H. Moore j [Jouvn, 
Soc. Dyers and Cd ., 1915, 31 , 180) found that the effect 
of the moderate addition of acid to hypochlorite solutions 
was to decrease the amount of the oxyccllulose formed* 
during the bleaching of cotton and not to increase it. On 
the addition of alkali to the bleach a minimum amount Iff 
oxyccllulose was formed at a certain concentration of the 
alkali. Pe’rmanganate'solutions gave similar result*. 

J. F. *Brig$ (Journ. Soc. (Jhcm. fnd., 4916, 35, 78) 
points out that sometimes there is a dillioulty in carrying 
out the usual tests for oxyccllulose. If goods are ovef- 
chemiced at the beginning ot the bleaching process, the 
subsequent treatment with alkaline liquors eliminates the 
oxycellulose to a large extent. Moreover, the non-cellulose « 
constituents of vegetable fibres oxidise to compounds 
comparable with oxyccllulose. 




CHAPTER XIII 

CELLULOSE— THB BLEACHED PRODUCT 

• 

Degree of bleaching of cellulose — Copper value of cellulose — ■Copper sulphate 
value — Standardisation of bleached whites — Changes in ccllulo-t* 
• during bleaching — Strength of finished goods — Action of light on 
cotton — Strength of cotton fibres — Absorption of salts by cotton from 
solutions. 

Various methods of determining the degree of bleaching 
'have been proposed. C. G. Schwalbe ( Fdrber-Zeit ., 1908, 
19, 33-34) describes the following method. A weighed 
quantity of ^he cotton is boiled with a measured quantity 
fo{ Fehling’s solution, the solution being well stirred before 
reduction. The copper separated is filtered off, washed 
with hot water, dissolved in nitric acid, and estimated by 
electrolytic deposition. The electrolysis is carried out in 
a platinum bowl, using a revolving anode. In this way 
the “copper value” for the sample of cotton is obtained. 
Different varieties of cotton give different figures, and 
those for mercerised cotton ar^ higher than for ordinary 
cotton. The moisture in the sample is determined by 
usings tjoluul drying stove. Later, Schwalbe ( Z . angew. 
Chem ., 191^27, 5G7) states that in the' determination of 
the cupric : reducing value of cellulose the* limits of varia- 
tion between duplicate tests should not exceed 0‘2 in the 
“ copper value,” but abnormal results, e.g. values ranging 
from 0*6 to 1*3, may be obtained through the presence of 
cupric-reducing impurities in the Rochelle sajt or the water 
employed. The splutions^used should always be controlled 
by a blank test, during which the liquid should neither 
turn greenish in dolout nor deposit a precipitate of cuprous 
oxide yn standing. M. JTeiberger (Z. angew. Chem. >1917, 
' - no 
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30 121) afeo points to precautions required in this determin- 
ation The chemicals used must be carefully purified ; the 
boiling should be carefully controlled ; and a blank deter- 
mination should *be made in which only a slight quantity 


of copper should separate. # 

Schwalbe (Z. angew. Chem . , 1910, 23, 924-928) criti- 
cises Vieweg’s proposal ' (Papier-Zeit., 1909, 34, 149) to 
'•measure the degree *of damage suffered by cellulose in- 
bleaching* by determining the proportion of sodium 
hydroxide it neutralises on boiling for 15 minutes iii 
a l per cent solution. He shows that the decomposition 
of oxyceMose, hydro?ellulose, and cellulose itself by 
boiling alkali does not reach a final pointy also mer- 
cerised cotton shows a smaller consumption of alkali than 


the original cellulose. 

The attraction of cellulose for neutral salts is used by 
B. Rassow (Z. angew. Chem., 1911, 24, 1127) as a method 
of distinguishing celluloses. Cotton cellulose absorbs and « 
fixes small amounts of copper from copper solutions, and 
the copper cannot be removed by washing. Unbleached 
cotton absorbs more copper than bleached, whereas, if the ^ 
co\ f on be thoroughly purified its absorption is slight. 
Tlu. author suggests a “copper sulphate value’’ for cellu-* 
loses. C. Picst (Z. angew. Chem., 1912, 25, 2518) states 
that the “copper value” standardised by Schwalbe is the 
most definite measure available for the diagnosis of 


chemical modification in celluloses, particularly by over- 
bleaching. Normally purified cottons sjiow a total 
“ copper value ” considerably below 2 and preferably 
not exceeding 1, whereas the copper value of strongly 
over-bleached cottons may rise as high as l^G. • TJ^dro- 
cellulose also sho$s an increased “ copper vlfiue, ^ but in 
a minor degree.* The “copper sulphate value shows 
differences too small for practical use. It. Sutermeister 
(Papierfab . , 1914, 12, 898) found on examining bleached 
pulp (a) by “copper value” and (6) by loss on boiling 
with 0*25 per-cent caustic soda that parallel results were 


obtained. 9 • • 

Cross and Be van ( Researches on Cellulose^ 1905-1910) 
give the following figures for samples oft bleached cotton 
cloth : 
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• • 

Kind of Cloth. • 

Solubility in 

8 per cent 
‘ NaOH. 

• 

^pper Value. 

1 Ash 

per cent. 

Madder bleached .... 

3-41 

• 

0*45 

0-096 

„ { % fterward8 “ malted ” 

314 

0-43 

0*098 

„ reboiled in alkali 

* 1-66 1 

0-39 

0-150 

Mercerised grey and then bleached 
without lime .... 

423 . 

0*54 

0*110 < 

, „ afterwards “ malted ” 

2-30 

0-35 



0-090 


M. Freiberger ( Fiirber-Zeit ., 1915, 26, 319; 1916, 
27, 2fi) attempts to standardise ‘ the whites of bleached 
cotton clotji by noticing the stains produced on the 
samples of cloth by waste bowking liquors diluted to 
known strengths. The samples were then dried. A 
range of standards from pure white to grey unbleached 
material was obtained in this way, by means of which it 
was easy to distinguish a difference of 5 per cent in the 
extent of bleaching. R. Ilaller ( Fiirber-Zeit ., 1916, 27, 6) 
criticises this suggested method, stating that it is only 
applicable the same system of bleaching and the same 
1 system of bowking have been used as were used in the 
♦preparation of the standards. This criticism is justified 
in the light of information previously given regarding the 
removal of the non-cellulose impurities by different systems 
of scouring, and it has been pointed out that if different 
qualities and weaves of cloth are used distinction will be 
difficult. 1 

Opinions vary as to the changes which take place in 
fibres during the bleaching process. Minajeff (Z. Farben- 
Ind,^ 19p8 f «7, 1-3, 7-21) finds the cuticle is not absent 
from merceiised and well-bleached cotton, as has been 
stated by C. O’Neill. The cuticle contains a substance 
called cuiin, which is encrusted with fats, waxes, and 
colouring matter in the raw fibre. It is insoluble in 
sglphuric acid. Alkaline boiling removes the incrustants, 
but does not affect the cuttn. In some cases it is difficult 
to distinguish the cuticle under the microscope, and the 
different mechanical and' chemical treatments increase the 
difficulties of distinguishing. The cuticle resists the action 

£ 1 Higgins, Annual Sports on Applied Clumistry, 1917, 
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of cuprammonium solution, fairly strong sulphuric acid, 
boiling alkaline ^quids, and mercerising soda : in' the 
bleached fibre it has the same properties as in the 
unbleached fibref although th&se are not so easily distin- 
guished. By the microscopic examination of cotton and 
linen under high powers .E. Seel and A. Santfer (Z. 
angew. Chem ., 1916, *29, 261) found no structural 
modification in fibres treated with acids, alkalis, or # • 
oxidising agents (compare RobinofF, pp. 80 and 99). 

W. Harrison (P roc.' Roy. Soc., 1918, A, 94, 460-46*1) 
found double refraction in textile fibres due to the presence 
of internal stresses, and ft may be increased by compressing 
the fibres. , Aftor the removal of the pressure the fibres 
did not return to their original shape, and the increased 
double refraction of the compressed portion remained* 
until the stresses were relieved by immersion in water. 
Fibres subjected to a limited amount of extension when 
dry do not return to their original length when kept loose 
in a dry atmosphere, but do so rapidly when placed in 
water ; the effect of a humid atmosphere is the same as 
that of cold water but much less rapid. At hiuh tempera- 
tures water renders fibres truly plastic; deformation is* 
produced by compression, but little or no internal stresses, 
result. A modification of the internal stresses takes place 
when fibres are boiled witli alkalis, and the shrinkage in 
length which takes place during mercerisation is due to 
the balancing of the internal stresses. 

It has been stated (Chcm. Zrit , 1915, 39, 62) that on 
removing the dressing from bleached lindh and cotton 
goods there is no noticeable difference in strength pro- 
duced, but the elongation before rupture wa$ in general 
greater after the removal. E. Ruf (Z. ges+TextiFJnd. } 
1915, 18, 202) /ound that goods heavily filled with 
magnesium sulphate were apparently very tender and 
did not resist the ^lightest strain, but on washing the 
original strength was restored. . 

Grassipg, that is, exposing 4o air and light by spread-, 
ing on the grafcs, is still practised for the bleaching of linen 
goods, and it is knowji that sometimes g£>ods are tendered 1 
during this treatment. The action of ligjit fln cotton has 
been studied by A. Scheurer ( Bull . Soc. Ind. Mul^iousc, 
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1910, 80 , 324-331). A sample of white cotton was covered 
in places with thin glass *an<F exposed tfr the radiations of 
a quartz-mercury lamp for 48 to 144 hours. It*becaine 
yellow in colour, and a deeper yellow as the period of 
exposure increased. The fabric was tendered at the ex- 
posed parts ; it dyed a blue shade \^ith methylene blue 
and reduced Fehling’s solution at these parts. A covering 
.of quartz had no effect in preventing the yellowing, but# 
thick glass completely stopped the action. CL Porde and 
A W. \V. Dyer (Journ. Soc. Dyers and Col., 1917, 33, 
17-19) supported Seheurer’s observation that the light of 
the Cooper-Hewitt lamp turned "cotton to oxycellulose. 
They considered this might be due to the' development of 
ozone, which is known to convert cellulose into acidic, 
ulkali-soluble products having the properties of oxycellu- 
lose. C. Doree (Journ. Soc . Dyers and Col., 1913, 29, 
205) extracted cotton yarns with alcohol, ether, and water, 
and exposed them to ozonised oxygen (1*5-2 per cent 
ozone). A decrease in strength of as much as 50 per cent 
in twelve hours was found. Flax was also rapidly attacked, 
solid acids s^ud formic acid being formed. 

R. S. Greenwood (Textde hist. Journ., 1919, 10, 275) 
•investigated the effect of the bleaching process on single 
fibres of cotton, the fibres being held in position by two 
pieces of paper and broken in a testing machine. It was 
found that single cotton fibres actually decreased 20 per 
cent in strength during the bleaching process, although 
cotton yarn actually increased in strength, as previously 
explained. Mercerisation did pot increase the strengths of 
the individual fibres, although this process did strengthen 
cotton yarn, Whether the single fibres were allowed to 
shrink or lefc stretched they did not increase in strength, 
and this observation pointed to the conclusion that the 
increase in strength of cotton yarns during mercerisation 
was due to a physical change in the association of the 
fibres. Cotton at different stages of the bleaching process 
.. has been found to show a variable negative absorption for 
aluminium acetate from solution (R. HalleV, Chem . Zeit., 
1918, 42 , 597-599). This negative' absorption decreases 
as the degree pf purification of the cotton increases. 
Cottop boiled with lime gave higher results than cotton 
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boiled with caustic soda. Negative absorption was most 
pronounced in. the case of Egyptiafl cotton. Using alu- 
mfniunrsulphate solution, positive absorption was observed 
in all cases with raw cottons’mnd those which had been 
lime-boiled ; on the other hand, the well-scoured ayri fully 
bleached samples al^ showed negative absorption increasing 
generally with the degree of purification. Lead acetate; 
? showed in all cases a large positive absorption, increasing^ 
with the degree of purification. Maximum absorption in 
all cases seemed to correspond with maximum purificuticyi 
of the cotton ; but treatment with bleaching liquor appears 
to decrease the purity of the cellulose ; at any r^te, it 
lowers the absorption values. (I. Durst (Client. Zeit. f 
1919, 43, 374 - 375 ) states that bleached rottoif immersed 
in a solution of aluminium acetate for U4 hours absorbs 
about O'l per cent of alumina, half of which is fixed on 
the cotton. 



CHAPTER XIV 

« 

VEGETABLE FIBRES AND FERMENTATION 

Enzymes — Use for ieinovmg starch — Use as bleaching agonfs — Bacterial 
deterioration of cotton during storage. • 

The process of fermentation was first observed in the case 
of the yeast plant, but later it was found to be a most 
common process in nature : enzymes, or soluble ferments, 
which cause this action, were found to be secreted by plant 
cells. The action of these enzymes is not at all completely 
understood, for without appearing to enter into the com- 
position o^the substances which are formed by their 
e activity, they carry out a large amount of work without 
J)eing used up. They work best in the dark. Pasteur 
introduced pure cultures, and fhus greatly assisted this 
branch of the subject. r 

As regards textile fibres being treated to separate their 
non-cellulose constituents, we have to deal with waxes, 
proteins, colouring matters, and carbohydrates, and it has 
been found tliht in nature the jvork of particular enzymes 
is to decompose these substances. Thus, the enzymes 
which decompose fats are known as lipases, but whether 
thereTare many different kiuds of these isonot known. The 
decomposition of fats by these agents has not yet been 
fully investigated, but the action is generally accompanied 
by the appearance of starch grains. The lipase first splits 
the fat up into glycerine and free fatty acid, but the 
j&bsequent decompositions* are very complex, among the 
products being lecithin and simpler fatty bodies. Proteo- 
? clastic enzymes— e.g. pe^tase, tryptase, ereptase — act on 
proteins, converting -them to peptones and amino-acids, 
probably by a process of hydrolysis. In the absence of air, 
* 1 116 
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! )roteins are also broken down by pertain bacteria, putre- 
action being* cimsed and cvit-smelling products being 
evolved ; but in the presence.of air these substances dis- 
appear. The protein molecules, after passing through 
numerous intermediate stages, are finally broken <jO\vn to 
a few simple bodies, *dz. carbon dioxide, methane, hydrogen, 
ammonia, nitrogen, hydrogen sulphide, and phosphoric 
acid. Oxidases are Videly distributed, and are concerned * 
in bringing about the presence of particular colouring 
matters ; reductases are enzymes of a similar character 
acting in an opposite manner.. A number of enzymes — « 
e.ff. zymasft, diastase, invertase— act on carbohydrates, and 
cytase hydrolysis cellulose. Cy tase occurs in 1 arious seeds, 
and dissolves the wall of the endosperm, the process of 
decomposition of the cellulose being very slow. Cytase 
exists in some fungi and m certain bacteria. Omelianski 
(Central bl. Baht ., 1 002, 11, 8, 193) decomposed cellulose 
by fermentation into acetic acid, butyric acid, traces of* 
other fatty acids, carbon dioxide, and water. By the aid 
of another bacillus he obtained methane from celliTlo.se. 
Winogradsgy, also using butyric, acid bactrfia, showed 
that pectins were dissolved out by fermentation. Then* # 
we know that pectase, an enzyme, forms vegetable jelly 
from pectic substances existing in the cell wall. 

G. V. Koch (Soil Sci ., 1918, # 5, 219-224) found that 
potassium was necessary for the development and activity 
of B. subtilis. This is also the case in plant growth, and 
the presence of this element and others nyiy be essential 
in fermentation processes#for treating textile fibres. It 
has also been found that soil organisms appear by prefer- 
ence to attack carbohydrates, and as long as*thoy cea^et 
these, they make kittle attempt to break dot n proteins. 

B. S. Levine* (JWrn. hid. Ktuj. Chan., 191 G, 8, 298), 
from laboratory experiments with different species of 
bacteria ( Bac . amylolyticus , Bac. fimi , Bac. bibulus , 
Bac. carotovorus , and Bac. subtilis, Ehrenberg) in 
nutrient solution containing 1 grm. each of dipotassiunr. 
phosphate and magnesium sulphate, a*id 2 grjns. each, 
of sodium chloride, ammonium sulphate* and calcium 
hydroxide per litre, showed that ’ the #nitrogenous sub- 
stances and ether soluble imparities of cotton tan be 
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efficiently removed by bacterial a ctioij. The bacteria 
mentioned converted 0 starch -sizing only to dextrine, and 
had little action on the alcohol soluble impurities. . On 
the large scale the materials are incubated with the 
bacteri^ culture for periods ranging from 72 down to 
24 hours. 0. Rohm (Eng. Pat. 100, <224, 1916) protects 
the following process. The treatment of raw cotton with 
‘ boiling alkalis, preparatory to bleaching, is omitted, and # 
the material is softened by steeping in a 0*1 ‘per cent 
aqueous solution of pancreatin at 20 -40° C. for some 
hours. It is then bleached by the usual agents. Other 
enzyitfes, such as papayotin, ricinus enzymes, ‘ etc., may 
be used instead of the commercial enzyme. 

Higgins, 1 in discussing these processes, states that the 
use of enzymes in the bleaching of cotton is of interest ; 
previously they had been used extensively to remove the 
size from cotton cloth before scouring, but in this new 
* development the action of the enzyme is to remove the 
fatty matters and the proteins from the fibre besides the 
dressing. The following questions, however, arise: (1) 
Can all tht^ impurities be removed without resorting to 
"ordinary scouring ? (2) llow does the cost of the nutrient 
Solution compare with that of ordinary scouring solutions ? 
(3) If lime salts are used in the nutrient solution, is 
it necessary to treat witli acid after the action of the 
enzymes in order to get rid of the lime ? As previously 
mentioned, some euzymes attack cellulose, and this action 
must be prevented, or the method of cleaning may have 
an effect on the strength of the fibre, just as over-retting 
rots linen. It might be difficult to stop the action when 
the^m-cellifiose constituents of the fibres have been re- 
moved and tlYe cellulose itself not attacked. It must not 
be forgotten that caustic soda boiling has no deleterious 
effect on cotton and that it is an ideal scouring agent ; it 
saponifies the waxes, hydrolyses the proteins, and eliminates 
Hie pectic matters of the fibres. Perhaps the most import- 
'ant point in bleaching is safety, and it is this point that 
r these new methods will h$ve to satisfy. 

A. Bordin.and J. Effront (Eng. Pat. 1411, 1915) remove 
the dressing from textile fabrics by the action of bacterial 

1 Annual Reports cn I^oyrcss in Applied phemistry, 1917. 
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diastases from the species subtilis and mesentericus in the 
presence of a* sfciall amount of atsuitable alkali. The 
diastases may be prepared from soya cake. 

E. Justin Mueller (Bull. &oe. lnd. Mulhouse , 1909* 79 , 
21), as a result of a comparison of the material tur/nl out 
from a number of # bleachwork8, concludes that tme most 
important factor in the removal of the dressing is the 
< duration of the lyo4)oil. Different methods of bleaching. • 
properly carried out, yield almost equally good results. 
An acid steep in dilute sulphuric or hydrochloric agd 
, does not appear to be very efficacious, and the most 
efficient and rapid agent for the destruction of the # starch 
is diastafor. • 

In the retting of flax, a particular organism, Bacillus 
amylobacter , has been isolated, and is stated to be the 
active agent in pectin fermentation. This organism is said 
to have no action on cellulose. By adding salts to the 
retting water, which assist the growth of the organ ism^ 
the time of retting can be considerably reduced. 0. Rossi 
(Bull. Agric. Tntefl . , 1 9 1 G, 8, 1007) uses pure cultures of 
specific pectie bacteria, particularly Ii. comiyii, in water 
solutions at 28-35 C. to remove the pectie matter fron* $ 
ll.tx, that is, to ret it. He aerates during the process ty 
prevent the development of foreign organisms which will 
be inimical to the cellulose. Tin* bacteria mentioned have 
no effect on the cellulose, and, although they eliminate the 
pectie matter, they have apparently no effect on the other 
non-cellulose constituents of the fibre. 

N. Fleming and A. C. ^liayncn (Biocherfl. Journ *, 1919, 
329) describe observations on the bacterial deterioration 
of damp cotton during storage. They find ttyit Jliis action 
ceases when the proportion of moisture fa^s to lcss^TITan # 
9 per cent. If •cotton is completely sterilised it can be 
stored wet without decomposition. The infection of 
cotton with bacteria is unavoidable, and the only remedy 
for deterioration in storage is to keep the moisture down. 
The result of bacterial deterioration in cotton is that the 
fibre is broke'n down when boiled with ulkalis and a large 
part of it dissolves. 



CHAPTER XV 

BLKACHIXi; 1> KOC PSS ES 
c 

Bleaching withc^iit scouting - LV of \ ol.it il»* solvents m pouring— Bleaching 
hy \neans ot oxygen —Bleaching cotton loi sjiinnmg. 

Many methods of bleaching without boiling the goods have 
been from tiruo to time suggested. For instance, Krban 
^bleaches cotton by simply treating it with hypochlorite 
solutions containing Turkey-red oil. Higgins ( Jonrn . Soc. 
Chem. lad., 1914, 9, 92) made an investigation of these 
methods. grins, of linen cloth, which were iound to 

v sveigh (>069 gnus, when stove dry, were placed in 500 e.c. 
o t f water along with G per cent soda ash and jj- per cent 
Turkey-red oil, and heated to HO- (J. for two hours. The 
cloth was then rinsed, Washed well, and the operation 
repeated, using a freshly prepared bath. It was again 
well washed and put into a solution of bleaching powder 
solution for four hours. By titrating the solution before 
and utter the 'bleaching it wqs found that 2’87 grms. 
of i{ active” chlorine had been used up in the bleaching 
aetkm. 4 similar piece of lime and lye boiled linen 
, required ouly v 0'55 grm. of chlorine bleach it, so 
that to bleach hy the steeping method would require 
more than 'five times the amount of bleaching powder 
that the ordinary method requires. Since bleaching 
powder is the most expensive chemical the bleacher 
ijses, and represents a large proportion of # the cost of 
bleaching, the bleaching powder required for the steeping 
0 ^nethod would make that process extremely costly ; there 
is also the cost* of the soda ash and Turkey-red oil to add. 

* Even after the treatment described, the linen was still 

* • * 120 
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yellow and unsuitable for any market. Moreover, on 
boiling and cbenycing to prodtiee a fair white, it lost a 
great Amount in weight. It contained 0*32 per cent 
of wax, which is much greater than that contained by 
properly bleached linen, and the small gain in weight, 
at which the steepipg process aims, had only beenlichieved 
by retaining much of the original non-cellulose constituents 
of the fibre. Iliggius has shown (Journ. Soc. Chem . • 
hid., 1911, 30, 1295) 1 that the drop in weight during 
bleaching takes place* during the boiling operations # if 
the 'process is properly conducted, and the figures given g 
above show that good boiling is the cheapest yuy of 
getting rid of 1-lie impurities of the cloth, besides being 
the only way to produce a good white. • 

Recently a number of substances have been introduced 
for adding to the scouring lnpiors m order to eliminate 
the waxy matters of the cloth. Benzene and liquids of 
similar properties are brought into an emulsion with wuti% 
by means of Turkey-red oil, and, on adding these mixtures 
to the lye boils, they act very effectively in assisting the 
removal of the waxes and fatty matters. Unwins ( Journ . 
S'oc. Cl u‘in. hid., 1914, 902) found, ho\\e\er, that tlieiif p 
co.t did not admit of extensive adoption on the largp 
scale. • 

Other bleaching processes ifre described in different 
parts of the book, ejj. pages 40 and 71. «J. L. Jardine 

and J. A. Nelson (Eng. Put. 802 of 1914) digest textile 
fibres under pressure with magnesium or sodium bi- 
sulphite, the gases liberated during the treatment being 
removed vtv order to prevent deterioration of the fibre 
by liberated sulphur dioxide, this treatnymt* is recoup 
mended in placo of the usual lime bojing and lime 
souring. J. M # . Matthew's (•Journ. hid. Krnj. Chem., 
1911, 3, 191-193) suggests that hydrogen peroxide is a 
safer and cheaper bleaching agent than sodium perborate, 
although the latter possesses the advantage of being 
capable of incorporation with ‘soaps and washing powders.^ 
In bleaching with an alkaline peroxid^ a claim has beei^ 
made (Deutsche Gold und Sifber- Scheide ^Anstalt., Eng. 
Pat. 10916, 1915) for heating the bath immediately to 

1 See page 31. 
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better white in a shorter time. To 
of calcium soap^in trashing bt if ||„ 
the addition of a soluble colloid, e.g. glue, albunb 
been protected by Farbenfabr. von F. ‘Bayer mid’' Co 
(Ger. Pat. 294028, 1914). 

R. Muller (Fr. Pat. 414,. 821, J.910) bleaches by 
means of the oxygen of the air in ‘the following manner. 
'The material is heated, preferably at high temperature# 
and under pressure, with the aqueous solution of the 
hydroxide of an alkali or an alkaline earth metal, through 
which a current of air or # oxygen is being passed. ‘The 
bleaching is accelerated if a small quantity of manganous 
carbonate is # added to the solution. Later ^addition duted 
November b, 1910), in order to prevent over-bleaching, 
Muller finds it necessary to keep the cloth covered with 
the lye during the process. After heating for two houis, 
air being excluded, he directs a current of air on to the 
surface of the lye until the bleaching is completed, lie 
then clears the manganese dioxide from the cloth 1 y 
sodium sulphite. In a further addition (Ger. Pat. 242, 
296, 1910) Sj\e alkaline solution, in which the goods are to 
be bleached, is allowed to circulate first over manganese 
dioxide in order to get the oxygeu evolved more slowly. 
A company was formed to work this process in Germany, 
the mode of procedure being to add a small quantity of 
mangauese sulphate to the caustic soda in the kier, boil 
for two hours, and then admit air at a pressure of 3/> 
atmospheres. After boiling for twelve hours with the 
admission of air it is asserted that the goods are completely 
bleached, no subsequent chemicing being necessary. A 
■C onsid erable saving of time and chemicals is claimed. The 
method is iderl from the chemical standpoint, but the 
present author thinks that its survival is doubtful, because 
of the risk of tendering. A method might be very scientific 
and economical, but, if it results in an occasional lot of 
goods being tendered, the economy of the process dis- 
appears, and the process cannot survive. In .fact, methods 
which require careful scientific control in order to prevent 
tendering do not commend themselves to bleachers ; 
methods which are not risky and can be entrusted to 
workmen not scientifically trained are preferred. 


85° C. to produce i 
prevent the floccula 
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m. >?>») “r^Lk Srii coB«t.ation. Th» 
hyppcklonte of P»i« % 5 llr | es ,.,„, ln g the form* 

E« t ” “ ItlSrliceile when hypocUontes of 
mutually decreasing concentration are used, to* produce 
fn ^ovS S 5 ^ the retention of the spinning 
•properties, and to £ive an excellent white with a very 
nu ll loss in weight, . It cannot, however be an eco- 
no..,. cal process, beeaiW, as has already been point? 
out (p. 121), scouring is a cheaper way ot eliminating 
impurities than treatment with hypochlorite solutions, 
nnd because a ‘large amount of the strong hypochlorite 
will be retained by the fibre and lost in the' subsequent 

Ua A."poulsen ( Mu". Pat. 104048, 1916) bleaches loose 
fibres and other materials by boiling in a mixture oi 
sodium carbonate and bicarbonate, then treating W 1 U 4 
sodium hypochlorite solution, while 11. R. Andeis ( . 

Pat. 1251614, 1918) uses lime f<>r the boiling, and lime 
and a “substance carrying oxygen’ lor the lynching. 
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BLEACHING FAlfLTS 

Paraffin wax stains — Mineral oil'staiim — Piufi*8taina on w liite cloth — Mark 
staicis — Load stains — Kior damages — Damages due to metallic j>ai 1 1 « l* - 
— Alloy resistant to liypoeldoiiU s. f 

Paraffin wax is often used in sizing mixings, the object 
being to lubricate the sized threads for the weaving 
process. Tallow is the proper substance to use for this 
purpose, but paratlin wax is used either consciously because 
it is cheaper or unconsciously in the form of adulterated 
tallow. b\ Who well (Textile Inst. , 101011 ., 191 1 , 2, 43- 
53) points*^o the trouble caused by this substance in 
x bleaching. Parailin wax and similar unsaponifiable sub- 
stances are not emulsified in the boiling processes to which 
the goods are submitted preparatory to bleaching or 
dyeing. The wax is simply loosened, floats on the top 
of the kier, and settles on the goods in the form of 
patches, producing grey water-resistant stains which 
cannot be bleached or dyed. Sometimes the wax remains 
evenly*distnbuted over the elotlj without forming patches, 
in which case the fibres remain absolutely resistant to the 
calendering operation, and the cloth finishes up limp. 
t TvfllRral oil s tapis derived from the lubricating oil of the 
looms or other machinery are likewise objectionable, and 
it has been clearly demonstrated that mineral oil stains 
resist all known processes of bleaching, but it would 
appear that a mixture of vegetable and mineral oil is 
not so harmful. 

A. Scheurer (Bull. Soc. Ind. Midhouse , 1&10, 80, 343) 
found tli ad the treatment With lime then caustic soda lyes 
containing resin removed stains produced by a 1 per cent 
* solution of paraffin wax in benzene ; the stains were, in 
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fact, removed to the extent of three-quarters their area, 
the remainder* forming a ring, i A thfc centre of which was 
a portion which was wetted tyy water. Stains produced 
by a benzene solution of talknv and paraiHn were cbm- 
pletely removed, but if the paraffin exceeded 5 per cent 
of the mixture of tallow apd paraffin the stains were not 
removed. The author points out that mineral oils contain, 
^varying amounts ofaion-volatile substances aud that these , 
are the only source of stains from lubricating oils of any 
importance. Fresh Plains of Scotch petroleum were 
almost completely removed by cleaning, whilst, if the 
stained fabric had bcefi expose*! to the air for some time 
beforehand, the«stams are much less completely removed. 
A. Schemer and E. Wallach (Bull. Soc. hid Mulhousc , 
11)13, 83, fj 10-008) found, of all the constituents of mineral 
oil, parallin was the most harmful. No mineral oil could 
he found which did not stain, but lion-staining prepara- 
tions could be obtained either by mixing with mineral oi^ 
a vegetable oil which did not emulsify easily in scouring, 
or by using an emulsitiable mineral oil. The former 
method is the one recommended, and the nature must 
contain at least GO per cent of the vegetable oil. A# 
lmxture of 75 per cent of colza oil with 25 per cent qf 
mineral oil gives the bestmvsults. Vegetable oils ha\e the 
drawback of costliness and tendency to clog. The use of 
emulsitiable mineral oils would appear to be a better 
solution of the problem, but at the present time such of 
these as are on the market are not manufm tured with the 
present object in view, and, as they vary In quality, can- 
not be recommended. L. Lefcbre (Rev. (ini. Mat. Col ., 
1910, 14, 341) states that the addition of sulphoricinolaate 
of sodium or sodium oleate to the caustic l> # es used inTJ!e* 
boiling process, m recommended by Schcurer (Joiirn. Soc. 
Chem. huh , 1903, 1344), removes stains which 'contain 33 
per cent of mineral oil, but if the quantity exceeds 50 per 
cent the stain still remains after bleaching. 

This removal of stains miwt be considered along with 
the removal 'of waxes described on p. £8, and also in the* 
light of Shorter s work on emulsification (p. 40 ). 9 • 

S. J. Pentecost (Journ. Soc. Chem. Tad ., 1909, 28, 
1180) states mineral oil stains peuetrate'the cuticle of the ' 
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fibre and, on finishing, the oil oozes out from the interior 
of the fibre, causing $ yellow stain. He also describes a 
pink stain found on the ecjges of cotton pieces, which he 
proved to be due to the attraction of aniline vapout by 
the cotton and its oxidation in the air to a inauveine. 
Recently the present author has come across a pink stain 
in cotton goods which had been developed during shipping. 

. Without knowing of Pentecost’s paper he found that thc^ 
pink colour was due to aniline, and concluded # that the 
goods must have been at some period in aniline vapour, 
ne once used aniline oil to take out a peculiar tar stain 
1 from finished goods, and found tin? same pink .stain pro- 
duced on white goods in the immediate #ncighj)ourhood. 
Then all organic chemists know the brown to pink colour 
of the paper of text books, etc., which are used in the 
organic laboratory, this colour being due to the attraction 
and oxidation of aniline vapour. 

t S. R. Trotman (Journ. Son. Chan. ItuL, 1909, 28, 
1237) mentions a pink stain similar to the one described 
by Pentecost but produced by the growth of a chromo- 
genic. mouli^. The colonies consisted of very fine mycelia 
•-which were closely attached to the surface of the medium 
tjnd which only produced colourless aerial hyphae carrying 
sporangia, after an interval of^ nearly a fortnight. A 
second batch of goods developed the colour while standing 
after the soda boil, and it was probable that this was the 
point of infection. The organism or its spores were capable 
of withstanding the cliemie and acid, and subsequently 
vleveluped under the influence of the warmth of the ware- 
house. He emphasised the necessity to prevent such 
grow ths of using pure water for steeping, good scouring to 
gBT rid of the nitrogenous bodies in Jhe cloth, careful 
handling, in the wet state, the use of pure finishing 
materials, and careful storing of finished goods. 

Higgins (Jour. Soc. Chan. Ind. y 1911, 30, 188) de- 
scribes black stains produced by a blueing mangle owing 
to the reaction of the copper on the brass bowl with 
‘ mercuric chloride t used as an antiseptic irr the starch. 
^Mercury 1 in finely divided state was liberated by the 
copper and produced • black stains on the cloth going 
through the mangle. 
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W. H. Pennington (Joum. Soc. Dyers and Cot,, 
1907, 25, 46-4tf) found lead stains yeie produced by the 
conversion of the lead of leadened wooden cisterns into 
red lead by bleaching powder •solution. The stains # Were 
dark brown. Other cases of lead stains were produced (1) 
by a lead pipe through which bleaching powder# flowed ; 
(2) by contamination with a leaden floor; (3) production. 

lead sulphide in • the kier from (a) a leaden plate in . 
the top of the kier and (6) headings dyed with chronic 
orange. * 

Other damages have been mentioned in the body Of 
the book,, such as thfjse produced by metallic oxides * 
([). 50 ). . • 

.1. V. Brigg x(Journ. Soc. Chem. Ind 191(1,35,78), in 
dismissing damages in bleaching, mentions that warp and* 
weft yarns may not lie adapted to one another, as when, 
for the sake of cheapness, a very loosely spun weft is com- 
bined with a warp containing strips of hard twisted 2-ply % 
yarn. Under the friction of use the hard warp may dis- 
integrate the loosely twisted weft, and the unexpectedly 
short life of the latter may be attributed the yarn 
bVarher. Kier damage, due to the exposure of the cloth < 
abo 'e the boiling liquor, is produced both in lime and lye 
boiling and occurs in the form of patches, several inches 
across, of tender but nof absolutely disintegrated cloth, 
merging gradually into sound material. There is no evi- 
dence of the formation of oxyeelluloso. By some chemists 
this damage is attributed to the concentrated action of 
the boiling alkali, through the drying up of the exposed- 
portions ; by others to the oxidising action of the air in 
the steam. The crystallisation of calcium carbonate, in 
the fibre may cau^p a mechanical damage. # l'he eel I u MSB - 
shovvs no chemical alteration, but under tlie microscope 
the structure is seen to be profoundly affected.' When a 
deposit of lime is formed locally in the cloth, c.y. by the 
drying of exposed portions in the lime boiler, calcium car- 
bonate may be formed inside, the fibre. Cloth showing 
such stains may be quite tender ; the linen fibres when 
examined microscopically will then show a larg(f number® 
of “ kinks ” or bursts resembling somew batHhc “ nodes ” . 
of bamboo. 
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The production of faults due to metallic oxides has 
been 'pointed out by/ Higgins ( Joum . Soe. Chem. fad. 
1911, 30, 188). The bleacher of heavy linens finds -from 
timfc \o time that bleached goods contain, damages which 
are like cuts with a sharp knife ; sometimes a piece is cut 
almost in two by this fault. # In most cases the yarn, 
^generally a warp yarn, is the cause-of the trouble, and <m 
. separation this yarn is found to be black and to contain 
oxycellulose. The black substance was found to ))e copper 
oxide, and the contamination was caused by oil, winch 
contained some copper from the brass parts of the ‘ 
machinery used in the pfoductioif of the cloth or yarn. 
The copper oxide caused the rapid evolution gf oxygen 
from the bleaching powder solution when the goods were in 
•the bleaching bath, and this excessive local evolution caused 
the tendering of the fibre in the parts adjacent to the 
oxide. J. F. Briggs (Joum. Soe. Chem. hid., 1911,30, 
J397) agreed that the fault was caused by the contamina- 
tion of oil containing copper, but attributed the tendering 
to metallic copper not copper oxide. Higgins (Joum. 
Soc. Chcn^ fnd., 1911, 30, 1290) showed that copper 
•oxide had a far greater effect m causing the evolution 
jf oxygen from bleaching powder solution than metallic 
copper had. In fact, the metal was oxidised to the oxi<jl$ 
before it acted. Similanly iron and nickel were oxidised 
before acting on bleaching powder solution, and iron rust 
caused holes in linen cloth during the action of bleaching 
powder solution. He also pointed out that zinc, like 
aluminium, caused the evolution of hydrogen from bleach- 
ing powder solution so that zinc would have no tendering 
action like copper has. W. Thomson (Joum. Soc. Dyers 
*%id Col. , 19 1 4, 30, 142-143) experimented with cloth on 
which varying amounts of chromium oxide had been fixed 
and showed that bleaching powder solutiou produced a 
degree of tendering roughly proportional to the amount of 
chromium on the fibre. This tendering action of chromium 
had previously been mentioned by Higgins (Joum. Soc. 
Dyers and Col. , 1913, 29 , 85) (see p. 57).' P. Weyrich 
0 (Z. anyPw. Chem., 1915, 28 , 399) found that bleaching 
liquor acts oh most metals, chromium, tin, lead and bis- 
1 muth being the most resistant. Borcher s alloy, a chrome- 
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tunsrsten steel, is also very resistant. S. J. Pentecost 
(Joum. Soc. Vhevi. Ind., 1918, 169 R.) states that some 
samples of nitre cake contfuh iron, which might c/iuse 
trouole in the bleaching process in the way stated above, 
andP. Heermanii (■ Chem.-Zeit. , 1918, 42, 85-86) points to 
the occurrence in sjnall quantities of metallic salts, c.<j. of 
copper and iron, in stains on linen and cotton goods, whiclf. 

reduce tendering m the manner described above. Per- - 
borates mid washing powders containing available oxygen 
jvill in some cases produce perforation and destruction , of 
the fabrics. 
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stability of, 66 
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constitution of, 70 
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i ffect on waxes, 42 
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for treating water, 75 
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from bypochlorous atid, 77 
of alkali metals, 65 
properties of, 70 
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antiseptic properties of, 70 
bleaching by, 59, 62 
bleaching efficiency of, 63 
properties of, 70 

Increase in strength during mercerising, 
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Load stains, 117 ( 
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Lecithin in plants, 7, 16 < 

Length of cloth, change dm^ng bleach- 
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Lignin, 22, 25 • 

tost tor, 22, 25 
Lignoccllulost ", 26 
Lime boil, 29, 31, 38, 39, 40, 41 
effect of, on fats of fibres, 38 
efficiency of, 39 
damage in, 127 
Linn; soaps, 38. 122 
Linen, ash of bleached, 30, 51 
ash of half- bleached, 52 
“cream” jams, 30. 35, 37, 42, 46, 
18 , 19 * 

damasks, 35 
halt bleached, 31, 52 
I moisture of, 85 
, three (piartei bleached, 36 
} Lustre ul mereeiised cotton, 93, 91 
| LJe I Mnl, 3, 29, 34, 40, 42, 119, 121 
j off* it of, un the strength ot yams, 34 
j i educing action of, 42 

I Magnesium bisulphite, bleaching by, 121 
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j tendering due to, 100, 101, 102 
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i Manganese salts used in bleaching, 122 * 
j Maturation of cotton plant, 24 
| Mechanical damages in pleaching, 127 
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and drying, 91 
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local, in scouring, 32 
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cloth, 95 
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hygrosoopic moisture of, 81f#0, 9!, 
92 % 

lustre of, 94 
tedta for, 95 
yarns, elongation of, 93 
strength of, 93 

Mercerising, effect of common salt, 87 
increase in Strength during, 95, 98 

* of single cotton fibres, 112 
swelling during, 94, 95 

* . twisting of fibres during, 94 
Metallic oxides and bleaching solutions, 

56 

and moist cotton, 108 
damage due to, 128 

, Metapectic acid, 22 • 

Mineral acids in cotton and linen, 48 
Mineral matter, determination of, 18 
of vegetable fibres, 1, 17 
removal by chon.ieals, 51 
^Mineral oil, elimination of, 40 
stains, 123, 125, 126 
by fresh oil, 125 

Mixed chlorides of magnesium and zinc, 
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fynsturo, adsorption of, by cotton, 81 
adsorption of, by hydrocellulose, 104 
of cotton and counts of yam, 84 
of cotton and its strength, 84 
Moulds, destruction of, by hypo- 
chlorites, ^*5 
t on cotton goods, 126 

Neutral salts and bleaching solutions, 
68 

and cellulose, 111 
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Nitre cako containing iron, 129 
Nitrogen, elimination fiom fibres, 45, 
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non-protein, in cotton, 46 

* No*»-i ~ ^ n in nitrogen fa cotton, 46 
Normal cotton cellulose, 82, 83 

Old enemies, 68 
* activity of, 68* * 

, Organic acids in plants, 6 
Over-bleaching caused by copper oxide, 
66 r 
test for, 111 

Oxides and hypochlorites, 56 
Oxycellulose, !,*>», 104, 105, 107, 111, 
114, 128 

copper number of, 107 
furfural value of, 26, 108 
production by metallic oxides, 56, 
o 108 t 

production in bleaching, 109 
steaming of, 87 * 

tests for, 43, 104, 108, 109 
f Oxygen used in bleaching', 69, 122 


Ozone, cotton and, 114 
flax and, 114 ♦ 

• 

Paraffin wax stains, 123 
used in sizing, J23 
Parapectin, 22 
Pectic aeidi 22, -52 
removal by acids, 62 
removal in # tho lime boil, 52 
removal in the lye boil, 52 
Poetic mattes, 21, 52 
Pectin, 22 

Pectins and enzymes, 117, 119 
of vegetable fibres, 1 
Pectose, 21 
Pentosans, 25, 26 

Permanent white produced by sodium 
peroxide, 37 * 

Permanganate as a blcachigg agent, 49, 
109 

Phospliouc acid and cotton, 99 
elimination of, in bleaching, 30, 46 
Phosphorus in cotton, 20, 52 
in plants, 5, 16, 52 
Pink stains on cotton, 126 • 

Potassium and enzymes, 117 
in cotton, 52 
in plants, 5, 17, 52 

Processes of bleaching, 29, 40, 71, 117, 
118, 120, 122 

Piotiin compounds as detei gents, 50 
1‘toteins and acids, 17 
and alkalis, 17, 44 
and enzymes, 17, 116, 117 
and neutral salt solutions, 17 
distillation of, with caustic soda, 15 
rath lime, 46 

elimination of, timing bleaching, 15 
estimation of, 45 
hydrolysis of, 14, 45 
ot ootton, 23 

of vegetable fibres, 1, 2, 6, 15, 83 
removal of, 30 
sulphur in, 45 
Prrko plasm, 4 
and acids, 5 
and alkalis, 5 
Pure chemicals, use of, 31 

Ramie, 8 t 
Raw cotton, 2 

Reducing action of cotton, 43 
“ Reeling” in cliemic, 69 
Refraction of light by cotton, 94 
Resin used ill bleaching, 123 
soap used in scouring, 42 
Resins in plants, 6, 10 
Retting of flax, 118, 1 i 9 

Safety in bleaching, 118, 122 
Scoured cloth, colour of, 53 
Scouring, 3, 29, 31, 36, 37, 121, 126 
ammonia produced during, 44 



*1NDE£ 


Soooring (eontd.)-~ 

and ^liowing diring storage, 36 
effect of, on counts of cotton yarn, oo 
* effect of, on strength of cotton yarn, 

• 32 

Selective adsorption df acidB by cotton, 

99 » 

Shrinkage during mercerisajon, 92, 94 
Silicon m plants, 5, 62 % 

Singeing, tendering during, 100 
Single cotton fibres, bleaching effect on, 
H2 

Sizing, 2 # 

materials, 48 # 

Slipping of cotton librea, 91, 95 
adi boil, 16, 17 
S,nla celluloses, 88 

Sodium bicatfumato, addition to bleach- 
ing powder solution, 63, t>7, 71, 


bisulphite, bleaching by, 118, 123 
h\ porhlorile, 53, 66, 67, 71 
'bleaching, 19, 60, 71, 120 
stability of, 77 

perborate, damage due to, 129 
peiovide, damage due to, 37, 121 
Soft watri, advantage of, for bleaching, 
37 


Sour, 3 

Squiring after < hemic, 5 1 
Spinning, bleaching of cotton for, 1, 
123 

Standard whites for bleached cotton, 
H2 

St i Ming of piH'e goods, 36 
er< -*< of o\)ct llulo'C, 3,7 
Ste* ping, 31, 45, 11*, 119 
Stoiage, allowing ot goods dining, 36 
of cotton, 116 

Strength of cotton yuns, 95 
ot cotton jams after M'ourmg, 32 
of co*ton yams (lining bh aching, 32, 

33 

of finished cotton cloth, 113 
of linen )arns during blc veiling, ^ 
of mercerised yarns, 93 
Structural modification of iottou during 
bleaching, 112 
Hubenn, 25 

Sulphur in plants, 5, lj,^7 
in proteins, 44 

Sulphuric acid and cotton, 98, 99 
Swelling of cottou during meicerising, 
94, 97 


'lendeTing hf cotton _ 

f due A chlorides, 100 
duriit storage, 49 
during stoving, 49 
Test for free acid in fibres, 99 « * 

for hydrocellulose, 104 * 

for mercerised cotton, 95, 96 
Test for oxycellulose, 43, 104, 108, 109 
Textile chemistry, 2 • 

Textile fibres ana heat, 83 
Theory of bleaching, 55, 57, 61, 63 
Three-quarter bleached linen, 86 • 

Turkey-red oil used in bleaching, 42, 

120 . 121 

Twist of yarns, 92, 95 
Twisting of cotton fibres during growth, 
91 m 

* of cotton libies during mercerising, 94 

• 

Vat dye stuffs, bleeding of, 42, 43 
reduction by oxycqjflulosc, 108 
Volatile solvents, lemuval of waxes by, 

U 

Water ot h> dial ion, deteimination of, 85 
Water lotted flax, 14 
Wav and the st length of) urns, 11 
ot bleached linen, 121 
Waves and enzymes, 116 

and watei adsiuption by (litres, 41 
Hlcet of en/)ines, 43 
of h) po( hloiites, 1# 
of the caustic boil, 39 
of flic lime boil, 40 
elimination by volatile solvents, 4 
dining bit aching, 36, 38 * 

dining scorning, 121 
^•mulhificat ion by alkalis, 41 
of textile fifties, 36, 83 
of \ * gi table filues, 1, 2 
led m mg action of, 12 

ieiiio\al duiiruz spooling, 40 
misapomliable, 38, 39, 40, *2 
Weak acids, temUimig of cottoi^j^ 99 
Wtighf, dteitase in, of cottoffuurmg 
bleaching, 30, 33 
of limMi during bleaching, 31, 37 
V nlth, change during ^h-aeliing, *35 
Word* iwd in bleaching industry, 3 
Woih, expression, 3 

• 

Yellowing of cotton in iTating, 84 
of goods during steaming, 36 
of un|»erft ( tly bleatbfd goods, 37 


Tannins in plants, 7, 10 
Tendering of cotton by light, 113 
due to acids, 49^ 100 


Zinc and hypochlorite solutions, 57, 128 
# Zinc chloride, tendering of cotton by, 
100 , 102 


THE END . 
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